












UNITED STATES DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE ^-y.,.--- yy^

FISHERY BULLETIN
OF THE

FISH AND WILDLIFE SERVICE

VOLUME 61

1.

>

^ BULLETINS 178 TO 197

ISSUED BY THE FISH AND WILDLIFE SERVICE
^

1960-1962



UNITED STATES DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE

Bureau of Commercial Fisheries

TITLE PAGE AND INDEX

VOLUME 61

ISSUED 1963

4

U.S. GOVERNMENT PRINTING OFFICE • WASHINGTON, D.C. • 1963



39-

5:3-60

CONTENTS OF VOLUME 61

Bullotiii

No. Pae«

ITS. Xatuhal History of the Sandkau Shakk, Eulamiu mUlxrti. By
Stewiiit Sprinuer. (Issued November 1960) 1-3S

179. (Irowth of Bliefiv Tuxa of the Western' Xorth Atlantic. By
Fiaiik J. Mather III iind Howard A. Schuck. (Issued November

1960)

ISO. Feiin i)itv of Red Salmon' at Brooks axd Karlt'k Lakes. Alaska.

By Wilbur L. Hartman and Charles Y. Conkle. (Issued Noveml)er

1960)

LSI. Filefishes (M(inacanth)(la() of the Western North Atlantic.

By Frederick H. Berry and Louis E. Voegle. (Issued April 1961 ),_ 61-109

1S2. Embryological Stages in the Sea Lamprey and Effects of

Temperature on Development. By George W. Piavis. (Issued

March 1961) 111-143

lt;3. Blood Properties of Prespawning and Postspawning Anadro-

Mors Alewives {Alosa pseiHloharengun). By Carl J. Sindermann

and Donald F. Mairs. (Issued November 1961) 145-151

1S4. Effects of Copper Ore on the Ecology of a Lagoon. By
Kenneth T. Marvin, Larence M. Lansford and Ray S. Wheeler.

(Issued November 1961) 153-160

185. Validity of Age Determination From Scales of Marked Aaieri-

CAN Shad. By Mayo H. Judy. (Issued January 1962) 161-170

ls(i. Calanoid Copepods From Equatorial Waters of the Pacific

Ocean. By George D. Grice. (Issued February 1962) 171-246

1S7. Abundance and Distribution of Eggs and Larvae and Survival

OF Larvae of Jack Mackerel {Trachurus syminetricus). By
Da\ad A. Farris. (Issued May 1962) 247-279

188. DiSTRIBU'TION AND ABUNDANCE OF SkIPJACK IN THE HaWAII FISH-

ERY, 1952-53. By Herbert H. Shippen. (Issued June 1962) 281-300

189. Abundance and Age of Kvichak River Red Salmon Smolts. By
Orra E. Kerns, Jr. (Issued February 1962) 301-320

190. Early Developmental Stages of Pink Shrimp, Penaeus duorarum,

From Florida Waters. By Sheldon Dobkin. (Issued January

1962) / 321-349

I'.il. Serological Studies of Atlantic Redfish. By Carl J. Sindermann.

(Issued January 1962) 351-354

192. E.stim.\ting Red Salmon Escapements by Sample Counts From
Observation Towers. By Clarence Dale Becker. (Issued

March 1962) 355-369

193. Atlas of the Oceanographic Clim.\te of the Hawaiian Islands

REGiON'j,,*'^«7RiLtttsr R. Seckel. (Issued Aui^ust 19()2). 371-427

''^'li^^-'^ 81892



IV CONTENTS
L^

Bulletin
No.

Page -

194. IXFLUEXCE OF E.\RLY MATURING FeM.\LES OX REPRODUCTIVE PoTEX-
Ti.-^L OF Columbia River Blueback Salmon {Oncorhynchus nerka).

By Ricliard L. Major and Donovan R. Craddock. (Issued June
1962) 429-437

195. Determixixg Age of Youxg Haddock From Their Scales. By
Albert C. Jensen and John P. Wise. (Issued June 1962) _ 439-450

196. Development, Distribution, and Comparison of Rudder Fishes

Kxjphosus sectatiix (Linnaeus) and K. incisor (Cuvier) in the West-
ern North Atlaxtic. By Donald Moore. (Issued June 1962)_. 451-480 "V

197. Raft Culture OF Oysters in Massachusetts. By William N. Shaw. ^
(Issued June 1962) 481-495

/'



UNITED STATES DEPARTMENT OF THE INTERIOR • Fred A. Sea ton, Secretary

FISH AND WILDLIFE SERVICE • Arnie J. Suomela, Commissioner

NATURAL HISTORY
OF THE SANDBAR SHARK
EULAMIA MILBERTI

By Stewart Springer

FISHERY BULLETIN 178

From Fishery Bulletin of the Fish and Wildlife Service

VOLUME 61

PUBLISHED BY U.S. FISH AND WILDLIFE SERVICE • WASHINGTON • 1950

PRINTED BY U.S. GOVERNMENT PRINTING OFFICE, WASHINGTON. D.C.

For sale by the Superintendent of Documents, U.S. Government Printing Office, WashinHIon IS, D.C.

Price 35 cents



The series, Fishery Bulletin of the Fish and Wildlife Service, is cataloged
as follows:

U. S. Fish and Wildlife Service.

Fishei'y bulletin, v. 1-

Washington, U. S. Govt, Print. OtT., 1881-19

V. in illus.. maps (part fold.) 23-28 cm.

Some vols. Issued in the congressional series as Senate or House
documents.

Bulletins composing v 47- also numbered 1-
Title varies : v. 1^9, Bulletin.

Vols. 1-49 issued by Bureau of Fisheries (called Fish Commission,
V. 1-23)

1. Fisheries—U. S. 2. Fish-cultur«^-U. S.

SH11.A25 639.206173

Library of Congress coOrSoblj

I. Title.

9—35239*



CONTENTS
Fae«

I ntroduction 1

Nomenclature 2

Populations of Eulamia milberli 3

Ecological and systematic relationships of the genus Eulamia 4

Specimens examined 5

Field recognition 6

Distribution of Eulamia milberli 10

General nature of distribution 10

Factors affecting distribution 12

Nursery grounds and distribution of young 13

Distribution off Atlantic coast of the United States and in eastern Gulf of

Mexico 14

Distribution in Bahamas and West Indies 16

Distribution in western Gulf of Mexico and western Caribbean 17

Migration 19

Reproduction 20

Courtship and mating 20

Time of mating 21

Development of the embryo 22

Number of young in litter 23

Length of young at birth 23

Abnormal embryos 25

Sex ratios 25

Growth and size at maturity 26

Food and feeding habits 29

Abundance 32

Enemies 32

Summary 34

Literature cited 36

ni



ABSTRACT

Populations of sandbar sharks of the eastern and western parts of the Atlantic
Ocean are defined and general problems of nomenclature, the ecology of large
carcharhinid sharks, and field recognition of sandbar sharks are discussed.

A more-detailed account of observations on Eulamia milberii, restricted to the

population of the western North Atlantic, is given, outlining distribution of adults
and young, migrations, development, and behavior, based on observations from
the commercial shark fishery which operated from centers in the Southeastern
States from 1935 to 1950 and supplemented by data from research vessels operating
after 1950.

Comparisons with other species in the area, lists of large species of sharks taken
at certain times off Salerno, Florida; Bimini, Bahamas; the mouth of the Missis-

sippi River, Louisiana; and the Caribbean coast of Nicaragua-Costa Rica, as well

as discussions of interspecies competition, are included.



NATURAL HISTORY OF THE SANDBAR SHARK, EULAMIA MILBERTI

By Stewart Springer, Fishery Methods and Equipment Specialist

Bureau of Commercial Fisheries

This account of the sandbar shark, Eulamia

milberti (
Miiller and Henle) ,

is an attempt to bring

together all the significant information on one

kind of common and moderately large shark.

Sharks have been studied because they are occa-

sionally dangerous to man, often a nuisance to

fishermen and, in the past at least, have been

valuable as a source for food, leather, vitamin A,
fish meal, and some specialty products. A rather

comprehensive body of knowledge exists about

some of the smaller species, such as the compara-

tively valuable soupfin shark of the coast of

North America (Ripley, 1946) and the school

shark of Australia (Olsen, 1954), botli si)ecies of

Galeorh'mus^ and the common spiny dogfish,

Squalus (Ford, 1921; Hickling, 1930; Temple-

man, 1944). Information on the natural history
of the larger species is fragmentary. This is to

be expected, because large species not only are

difficult to catch and handle, but also are far-

ranging and require observation over a wide geo-

graphical area.

The sharks, together with their relatives, the

skates, rays, and chimaeroids, form a class of

vertebrates that is sharply set off from the classes

which contain the fishes, amphibians, reptiles,

birds, and mammals. The sharks and other mem-
bers of the class Chondrichthyes have cartilagi-
nous skeletons, and wliile elements of the shark
skeleton may become calcified, no true bone is

formed. This is the basis for the definition that

is generally used to distinguish the Chondrich-

thyes from the higher vertebrates. But there are

other differences in the chemistry and physiology
that are very likely of great importance but are

little understood. The evolutionary connections
of the modern sharks and their allies with other

modern vertebrates are obscure and of great an-

tiquity.

Note.—Approved for publication, October 27, 1958. Fishery
Bulletin 178.

Sharks occupy a place in nature at the top of

tlie food chain. As predators they compete with

man, but it is by no means established that their

predatory activities ai'e always harmful. They
are a nuisance or are harmful to fishermen chiefly

because of the damage they do to nets or to fish

that have been caught on setlines. In some locali-

ties, in England and Australia, for example,
sharks are utilized and are consequently of some

value. In the United States, landings at present
are of no great importance.
Sharks may be dangerous to man through at-

tacks on swimmers and survivors of marine dis-

asters, but EuJamia milberti is not a species

implicated in well-documented records of attacks.

There may be several reasons for this. E. milberti

ordinarily stays away from beaches and does not

often feed at the surface. It usually seeks small

prey. During the summer, when the female sand-

bar sharks come inshore near the heavily popu-
lated centers from New York southward along
the Atlantic coast to give birth to their young,
it is not their habit to seek food. The large males

do not come inshore. So the sandbar shark, while

large enough to be dangerous and perhaps the

most common of the larger sharks in shore waters

.southward from New York, is isolated by its

habits from encounters with man. Nevertheless,
the sandbar shark is potentially dangerous to man
and might become a more serious danger with

minor shifts in the environmental situation.

The most annoying aspect of my work with

sharks, prior to the publication in 1948 of the

first volume of Fishes of the Western North At-

lantic on sharks by Dr. Henry B. Bigelow and

"William C. Schroeder. was that many we.'^tern

Atlantic sharks could not be identified with con-

fidence because of a scattered literature of vary-

ing (]iiality. It is ai)]iroi)riate (liat I acknowledge
tlie importance of this excellent general work to

me, because without it ;uul witlioiit the encourage-

1
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ment of its authors. I would not have attempted

preparation of this report. Dr. Richard H.

Backus of the Woods Hole Oceanographic Institu-

tion, Dr. Cxiles AV. Mead of the U.S. Fish and

Wildlife Service, and Dr. Leonard P. Schultz of

the U.S. National Museum made many helpful

suggestions during the preparation of this report.

Captain B. W. Winkler was especially helpful in

keeping fishing logs and measurements of about

1,300 large sharks he took off the Bahama Banks

and off Nicaragua. Records obtained while I was

employed by the Shark Industries Division of

the Borden Company and while I was aboard the

exploratory fishing vessel Oregon of the Fish and

Wildlife Service comprise the basic data used

here. Special assistance was given me also by the

Lerner Marine Laboratory of the American Mu-
seum of Natural History, by permitting 2 months

of field study at Bimini, Bahamas, in the summer
of 1948. In all my work with sharks, I have been

given the most generous help by my associates in

commercial shark fishing and aboard exploratory

fishing vessels.

NOMENCLATURE
This report is not intended to settle problems

of nomenclature and taxonomy, but to be useful

it is necessary to name the sharks under discus-

sion and to define the names used. My choice of

a name for the sandbar shark is Eulamia miJhertl

(Miiller and Henle) 1841. Use of Eulamia fol-

lows my partial revision of the carcharhinids

(Springer, 19.50). For the specific name milherti

I follow Bigelow and Schroeder (1948) who note

that, if it is finally proved that the ^Mediterranean

form is identical with the American, the name

pJumbeus Nardo 1827, must be used for the com-

bined species in place of milherti.

I disagree, however, with Fowler (1936), with

the preceding statement l)y Bigelow and Sclirne-

der, and witli Toi-tonese (19.51, 19.5(i) that Nardo's

description is valid. The description by Nardo

would api)ly to almost any carcharhinid and the

specific mention of the rounded snout ' would

apply better to some other carcharhinids than to

the sandbar shark. Because there is no type and

because Nardo's description would apply to al-

1 The total description .Tnd dinpnosis of ^(jtinltin i>lunihriis liy

Nardo, 1827. p. 35, is as follows : "Speeiei seciindae eonvenit

exacte Squal. Glaucim. Bloc, si color exciperetiir I't fiiini:i

Toatri quae in exemplar! nostro rotunda est."

most any carcharhinid if applied liberally but

to none if applied strictly, I regard Squahis

plumbeus as a nomen nudem.

I am also unable to acce^rt Nardo's description

as .specifically applicable to the sandbar shark

based on the argument that the sandbar shark is

the mo.st common large carcharhinid of the

Adriatic.

A most extraordinary snarl has developed over

the years in tlie determination of the scientific

name to be applied to the sandbar shark. The

origin of this complication probably lies in the

peculiarities of the distribution of species of

carcharhinid sharks along the Atlantic coast of

the Ignited States. Mistakes in identification of

specimens have been frequent, probably because

the descriptive accounts of the early authors were

very brief and did not select truly diagnostic

features for emphasis. Systematists had too few

specimens and too little data on distribution to

note that segregation of the sexes and segregation

of the adults and young characterized these

sharks at some seasons.

In the latitudes from New York to Chesapeake

Bay at depths wnthin easy reach of collectors or

fishermen, two common large carcharhinid sharks

occur, the sandbar shark, E. milherti (Miiller and

Henle), and the bull shark, Oarcharhimts leucas

(Miiller and Henle). The sandbar shark is rep-

resented in this area by adult females and by the

young of both sexes, but rarely by adult males in

the observable elements of the population. The

hull shark is represented usualJy by adult males,

but females and young are also present sporadi-

cally.
-

The ranges of the sandbar shark and the bull

shark will be discussed later as well as the ap-

parent competition between these species. An

effect of the occurrence of the two species to-

^LarKP male Carrhnrhinux leucas were reported from the

Chesapeake Bay area by Schwartz (19.58) : one was taken from

the Patnxent River in 1957 and another at Flag Pond in the

summer of 1958. This is apparently the first published report

of the species from Chesapeake Bay. Specimens of large sharks

came to the attention of Edgar H. Hollis. of the Maryland De-

partment of Tidewater Fisheries in 1957, because Chesapeake

flshermeii regarded them as rarities. Photographs of the speci-

mens sent me by Mr. Hollis were sufficient to permit Identifica-

tion as C. leiicns. Nichols (1918) and Nichols and Breder

(1927) reported C. leucas from the south shore of Long Island,

noting that these specimens were large males. Attention Is

called to this parenthetically because the appearance of adult

males at the periphery or in the cooler parts of ranges of

carcharhinid sharks is frequent.
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gether. liowever. has been to foster confusion in

the nomenclature. There apjiears to have been

a tacit assumption by some naturalists that sexual

dimori)hism accounted for differences in sandbar

sharks and bull sharks despite recognition of tlie

existence of both species.

Superficially, the sandbar shark and the bull

shark i-esemble one another but, as will be shown

later, sandbar sharks can easily and positively be

separated from bull sharks on the basis of several

anatomical characteristics. Identification of

specimens from the Middle Atlantic States, par-

ticularly the Atlantic coast from Cape Cod to

Chesapeake Bay, presents an added difficulty be-

cause of the several very similar offshore species

which may be caught occasionally, but probably

rarely in inshore waters: Eulnmia obsciira (Le

Sueur), E. faJcifo-rmis (Miiller and Henle), E.

fo-ridana (Bigelow, Schroeder, and Springer),

and E. ultima Springer. Recent unpublished
records of the occurrence of E. inUherti young
and of the occurrence of Carcharhinus leucas

adults are rather numerous, and following publi-

cation of the first volume of Fishes of the West-

ern North Atlantic (Bigelow and Schroeder,

194S) there appears to be little confusion of the

two species.

Belaboring the point tliat descriptive accounts

of carcharhinids must be detailed and selective to

have any meaning seems necessary to affect the

intrenched misconceptions about E. jnUherti that

can be derived from the literature. Fowler's

(lO-'iG) description of E. plumbeus (plumbeu-s
=

mUherti), which was based on American Middle

States exam])les, although in a report on West
African marine fishes, is not unique in confusing
E. mUherti with another species,^ but it is de-

tailed enough to be especially vulnerable to criti-

cism. More elements of his description fit the

bull sliark, Carrharhhwis leucoK. than E. m/lberfi.

but additional confusion is inti-oduced by the

probability that juvenile and adult characteristics

of both species are mixed. There is no selection

of diagnostically useful characteristics for em-

phasis. The result is a plausible literary syn-

3 Garman'8 illustration of CnrcJitirhinus phityoilon (1913. pi. 3.

flgs. 4 and fi) appears to bo very weli drawn from a sppcimen
of Eulnmia tnilberti. Bigelow and Scliroeder (1948) note tlmt

Carman's illustration is mislabeled. Tbe acoompanyinR illustra-

tion of the teeth In Carman's plate .3. figure .5. appears to have
been drawn from the teeth of platyodon. CnrchnrliinUH iilalii-

odon (Poey) Is a synonym of f. Irurnii (MUUer and Henle).

thesis that is a hazard to one attempting to fit a

real shark to a position in zoological classification.

POPULATIONS OF EULAMIA MILBERTI

Sandbar sharks. Eulmnia milberti, occur in

portions of the temperate and tropical Atlantic,

the Caribbean, the Gulf of Mexico, and the Medi-

terranean. Our data in this study primarily cover

the population inhabiting the western North

Atlantic, the Gulf of Mexico, and the eastern

Caribbean. Later, the normal movements and

distribution of this population will be discussed.

We need fii-st to consider the relationships of the

various populations. In addition to the popula-

tion of the western North Atlantic two others

may be roughly defined. One occurs along the

coast of South America from Trinidad eastward

and southward. The other is found along the

west coast of Africa and is presumed to be con-

tinuous with the stock entering the Mediter-

ranean.

The population occurring on the coast of South

America appears to be a minor one. The species

has been reported and figured by Ribiero (1923)

from the coast of Brazil.

While engaged in commercial shark fishing in

April and May 1949, I made shipboard examina-

tions (Springer. 1949) of a series of sandbar

sharks from the north and east coasts of Trinidad

and identified them in error as E. phmbem. I

now believe that differences between the Trinidad

specimens and typical milberti from the Atlantic

coast of the United States are insufficient to war-

rant recognition of sejiarate species, and that the

conservative course, jiending accumulation of new

data, is to look upon the various Atlantic sandbar

sharks as representing a single species. At the

Trinidad locations, adult males and females as

well as young of all sizes from 4 feet upward
were taken on single setlines. Although com-

mercial shark fishing was carried on throughout

1949 from the coast of French Guiana westward

to the Gulf of Venezuela, sandbar sharks were

reported only from the north and east coasts of

Trinidad and chiefly from depth-s of 5 to 20

fathoms near Galera Point.

Tliere are no records of sandbar sharks from

tlie West Indies north of Trinidad except from

the north coast of Cuba and from the western

inii't
of the Bahama Banks. This is not, of
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course, conclusive evidence of their absence from

a region so poorly known ichthyologically as the

West Indies. Nevertheless, all of the evidence

points to a discontinuous distribution with no

regular contact between the population known

from Cape Cod to Costa Rica and the South

American population known from Trinidad and

the east coast of South America south of the

Amazon.

In connection with possible future work with

the sandbar sharks, it should be noted that the

E. milherti from Trinidad were taken in eddies

of the very strong, westerly current flowing be-

tween Trinidad and Tobago; and t^ii^ recruit-

ment for this stock could take place in part by

tran.sport by tlie Equatorial Current of the grow-

ing young to Trinidad from shore waters of the

African coast.

The stock of Eulam/a mllberti in the eastern

Atlantic is known from scattered records from

the Mediterranean and the west coast of North

Africa as summarized by Tortonese (1956).

These records cover a long period of time and

although critically reviewed by Tortonese and

unquestionably accurate, they give little basis for

an estimate of the abundance of the sandbar

shark in relation to the abundance of other large

species of the area. For our purposes hei-e, that

is, to estimate the relative importance and abun-

dance in comparison with other large sharks of

the area, reports by Cadenat (1950, 1957) on

E. milherti and other species from the coast of

Senegal are quite informative. Cadenat has been

able to make observations on fresh material from

a fishery taking relatively large numbers of the

larger species of shai'ks. His reports suggest that

the stock of E. miThei-ti off northwest Africa is

a strong one.

The list of species of large sharks reported by
Cadenat is quite similar to lists of large sharks

from the southeastern coast of the United States.

The endemic species of both areas are the smaller

sharks.

Precisely the same factors of prevailing wind
and surface currents that make the southern

crossing from the North African coast to Trini-

dad easier for man when it is from east to west

may be expected to ojierate for sharks. Simi-

larly, for a more northerly crossing, the one from

west to east is more easily followed. The postu-

late that such contacts as exist between the stocks

of the western Atlantic and the stock of the

eastern Atlantic result from exchanges following
this general clockwise circulation is a reasonable

one. No actual evidence of regular contacts be-

tween the three stocks exists, however, and there

is substantial reason for the belief that move-

ments of individual sharks from one stock to an-

other are relatively infrequent occurrences.

Knowledge of the distribution of large sharks

in oceanic situations at considerable distance

from land was extremely meager until very re-

cently when data from oceanographic vessels and

exploratory fishing vessels became available. The

niost comprehensive study covers sharks of the

Central Pacific (Strasburg, 1958) in which data

.showing patterns of distribution of some of the

larger species is given. Before the appearance of

that study and of a less comprehensive account

of Atlantic pelagic sharks (Backus et al., 1956),

questions of shark distribution seaward of the

continental shelves were unanswerable.

Now, while it is known that neritic species of

large sharks are capable of moving over great

distances of open ocean, there is increasing evi-

dence that they rarely do. , \

ECOLOGICAL AND SYSTEMATIC RELA-
TIONSHIPS OF THE GENUS EULAMIA

The genus EiiJ-amia may be divided into two

groups on the basis of the structure and arrange-

ment of the dermal denticles. The group to

which E. milherti belongs is characterized by

noninibricate denticles as contrasted with the

other group which has denticles with overlapping

edges or points. The milherti group includes

comparatively few species. Probably Eulamia

dussumieri. (Miiller and Henle) and E. japonicm

(Schlegel) of the western Pacific belong here. In

the Atlantic, the group is represented by a deep-

water species, Enlamia ultima Springer, which is

quite different from milberti, not only in its mor-

phology but in its habitat. Aside from E. altima,

the only Atlantic representative of the genus

Eulamia (or any carcharhinid genus) with

widely spaced, noninibricate denticles is Eulamia

milherti. the sandbar shark.

E. milhfrt) lias the shoalest range and occupies

the most inshore habitat of any of the 5 or 6

species of Evlam/n of the Atlantic coast of Nortli



NATURAL HISTORY OF THE SANDBAR SHARK

Anicrii'u. Altlioufih milherti may be in compi'li-

tioii with other species of Euhimia for food in

some parts of its range, it does not compete with

otlier si)ecies of Enlam'ia for nursery grounds.

Of the other carcharhinids of the northwestern

Atlantic, the genera Prionace and Pterulamiops
are pelagic surface dwellers; Hypoprion is con-

fined to waters generally deeper than 100 fathoms

near shelves or banks; Negapnon, Apriondon,

ScoUodon, and Carchcirhinus are shallow water

sharks that spend at least some part of their lives

in shallow lagoons, river mouths, or estuaries,

and venture into deeper water rarely except for

transitory movements; the species of Eulamia are

sharks of the continental shelves, oceanic banks,

and island terraces, although some species extend

their langes well insliore and also for consider-

able distances beyond the limits of the Conti-

nental Sjielf. The only other western North At-

lantic carcharliinid genus, Galeocerdo^ is repre-

sented by a single species in subtropical and

ti'opical waters out to depths of at least 200

fathoms. It does not exhibit the specialized

schooling habits of the other carcharhinids. shows

no strong migratory tendencies, and is less re-

stricted in habitat choice than the others. There

seems to be a tendency to greater variation in the

number of young produced as well as a greater
number per litter in Galeocerdo and Prionance

and possibly also in Pterolamiops than in other

northwestern Atlantic carcharhinids. Insofar as

is known, there are no very important differences

in the general outlines of the life history patterns
of Necjapncm^ Apnonodon. Scoliodon, Carchar-

himif!, and EitJamia, although there appear to be

many differences in detail.

Barriers which may restrict the movements of

the larger sharks including Eulamia mUherti are

not i-eadily apparent. Occasional captures of

sharks outside areas of normal concentration of

the species prove that they can and do wander.

The remarkable thing is that large sharks tend to

remain within definable iial)itats and geographi-
cal ranges.

Since species of EuJnnna are, in general, less

dependent on land masses than Carcharhimis and

extend their activities regularly to surface waters

of the open ocean beyond the Continental Shelf.

it would not be surprising to find that some

species have a very wide distribution in temperate

55250S 0—60 -2

and tropical seas. Euhimia fiaridana (Bigelow,

Scliroeder, and Springer) ma}' be an example of

such a distribution (see Strasburg, 1958). Those

species of Eulamia, such as milherti, which are

tied to shallow-water habitats are presumably

subject to a greater degree of isolation.

SPECIMENS EXAMINED

Specimens, records, and field observations for

this report have been assembled over a period of

about 25 years during which time I have exam-

ined several thousand sandbar sharks. Available

records of the commercial shark fishery cover

more than 100.000 adult Eulamia milberti. About

half of these sharks were measured at the point

of landing. Earlier records of the stations in-

cluded specimens of Eulamia altima and Eulamia

foridana under the heading sandbar sharks.

Since I visited most of the stations frequently,

and during part of the period between 1935 and

1950 supervised recording procedures, I saw rela-

tively large numbers of sandbar sharks. Speci-

mens which appeared unusual to station employ-
ees were retained when practicable for my inspec-

tion. ]\Iost of my observations were made along

the coasts of southern Florida. Adequate num-

bers of specimens for some purposes have been

examined from the eastern and northern parts of

the Gulf of Mexico, the Atlantic coast of the

United States south of Cape Cod, and from the

Caribbean coast of Nicaragua and Costa Rica.

The available material in several museum col-

lections in the United States was studied, but this

consisted chiefly of preserved embryos or very

young sharks and dried jaws.

The collection of data in the shark fisheiT suf-

fered from interruptions and was assembled to

aid an industrial operation rather than for a

biological study. The difficulty in handling speci-

mens, averaging nearly 7 feet in length as adults

with an average weight of about 135 pounds, has

made it necessary to select different series or

samples for diffei'ent objectives: one sample for

length-weight relations; another for tooth counts,

and so on.

1 was unable to find spirit-jireserved specimens

of eastern Atlantic or Mediterranean origin re-

ferable to either E. plumbeus or E. milberti dur-

ing a hasty examination of catalogs and specimens

at the Museum d'llistorie Naturelle in Paris or in



6 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

the British Museum of Natural Histoiy, aUhough
specimens from the western Atlantic were pres-

ent. Tortonese noted (1938) that there are two

specimens in the Musee di Trieste collected in

1869 and 1871 and, after examination of speci-

mens labeled inilberti from the western Atlantic

in the Museum at Paris and the British Museum,
he indicated (in 1951) that he regards milhertl

as a synonym of phi?nieus.

FIELD RECOGNITION

Eulamia mWbei'ti is commonplace in appear-
ance. It has neither unusual color markings nor

spectacular structural features. The length of

the shark at maturity, 7 feet, makes the species

too large for the biological collector and too small

to interest the journalist. It is necessary to

search for distinguishing features (fig. 1). The

opportunity for comparison of series under ordi-

nary circumstances is negligible, and almost all

identifications of the larger sharks are necessarily
made in tlie field. The suggestion that many of

tlae presently recognized species of carcharhinid

sharks are not in fact separable from one another

but .should be regarded as unidentifiable parts of

a species complex has been advanced in specula-

tive conversation by some of my friends who are

ichthyologists. This view may easily develop
from unsatisfactory attempts to make identifica-

tions with methods which are quite adequate and
successful in application to teleosts but fall short

when applied to sharks, and particularly to car-

charhinid sharks. E. milberti, in waters off the

United States, is readily defined and problems

concerning it are not complicated by the existence

of geographic or environmental races or sub-

species, insofar as the available evidence shows.

This is apparently not true of some of the other

carcharhinids where separate populations may be

defined on the basis of morphological diflferences

shown in the analysis of adequate series from

different areas.

The keys and descriptions given by Bigelow and
Schroeder (19-18) are adequate for the identifica-

tion of the carcharhinid sharks of the western

North Atlantic excepting Eulamia altima, which

was described (Springer, 1950) after publication
of this work. Nevertheless, identifications need

to be made carefully because of the general struc-

tural similarity of the species which look alike on

superficial examination. Sharks of the genus
Eulainia in the falciforjnh-springeri group are

Figure 1.—Eulamia milhcHi in .an exhibition tank. Tho high, triangular first dorsal fin, nonfalcate pectoral fins, and

relatively high second dorsal and anal fins, nearly equal to one another in area, are characteristic of the species. (Phor

tograph courtesy of Marine Studios, Marineland, St. Augustine, Fla.)
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not well known and possibly are incompletely de-

fined. Minor differences between Atlantic and

Gulf of Mexico populations of E. ohscura need

further study. There is no difficulty, however, in

distinguishing E. milherti from these species or

from other species of sharks ordinarily found

within its geographical range.

The importance of determining the presence or

absence of a middorsal ridge (a low ridge in the

skin extending for all or a part of the distance

between the first and second dorsal fins) for the

identification of carcharhinid sliarks cannot be

overemphasized. This minor structural feature

is certainly nonadaptive and its usefulness as an

indicator of probable relationships should be

great (see Springer, 1950: p. 1, and Backus,

Springer, and Arnold, 1956: p. 180, for discus-

sion). The first mention of this characteristic in

publislied work was by Nichols and Breder

(1927), but correct identifications of tlie common

large ground .sharks of the east coast of the

ITnited States were made by Nichols and by Rad-

cliffe independently before lOlfi.

In one of the more valuable papers on sharks,

Radcliffe (1916) made the first general use of the

structure of the dermal denticles to show differ-

ences in western North Atlantic carcharhinid

species; and his illustrations show clearly the

distinctive denticle type and arrangement which

sets E. m/'lberti off from other carcharhinids

within its range, except for the newly described

E. alt Ima. Both E. miJberti and E. aJtima differ

from all other North American carcharhinid

sharks in having nonimbricate denticles without

strongly projecting points; however, the denticles

of E. ultima are mucli smallei- tlnin tliose of

E. 7nUherti.

Commercial shark fishermen at Salerno and Kej*

West, Fla., recognized altlma as distinct from the

sandbar .shark and called it the bignose .shark or

Knopp's shark before it received a scientific

name. The diagnosis given with the original de-

scription of E. althna (Springer. 1950) should

be adequate for the determination of specimens
of all sizes. All of the known examples of E.

nltima have been taken at depths of 50 to 150

athonis off Salerno, Florida, in the Straits of

Florida, in the northeastern Gulf of Mexico, and
n the Dragon's Mouth between Trinidad and

Venezuela. Its vertical range overlaps that of

tiie shallower water E. milberti in the Straits of

Florida aiea and extends well into the nighttime

range of tlie night shark. Ilypapnon signatus

Poej'. The geographical range of E. altlma may
be quite extensive, but it is unknown because

comparatively little fishing has been carried out

at the depths whei-e this species might be expected
to occur. Such fisliing as has been done in mid-

water and just beyond the edges of the Conti-

neTital Shelf by connnercial shark fishermen indi-

cates that the species is relatively common.

Probably many more E. altima would have

been taken by the connnercial fishery were it not

for the fact that in the Florida-Caribbean region

the liver oil of althna is characteristically lower

in vitamin-A content than is that of any of the

other species of Eulamio or of Hypoprion in that

area.

In a large measure, the confusion in the nomen-

clature of the larger American carcharhinids that

existed before tlie publication of the 1948 work

by Bigelow and Schroeder would undoubtedly
have been avoided if descriptive literature had

included information on tlie presence or absence

of the middorsal ridge. A fine replica of a shark,

wliicli in the light of the better descriptions now
available can easily be identified as Carcharhinvs

leucas (Midler and Henle), a species without a

middorsal ridge, is shown in an illustration in an

informative article (Rockwell, 1916: p. 161)

under the caption Carcharhinus obscurus {Eula-
inia obseura), a species with a middorsal ridge.

Determination of the presence or absence of the

ridge is sometimes difficult, particularly for mu-

.seum specimens or for specimens that have been

exposed to the sun for a long period. Although
identifications can be made without reference to

the ridge, they are likely to be difficult and use

of all of the available ditferentiating character-

istics is desirable.

The confusion of the sandbar shark with the

bull shark extends to the Pacific. References

liave fi-equently been made to tlie sandbar shark.

Eulamiii milherti, as occui'ring on the Pacific

roast of Panama. There is no evidence of this

and tlie species probably is not found there. Gar-

man's (1913) synonymy of milherti included

Eulamia nicarafjuensifi (till and Bransford, the

fresh-water bull shark. The two bull sharks.

nicaraguensis and leucas are so similar to one

I
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another that their separation is doubtful. There

is a Pacific species so similar to nicaragitensis and

leucas that conunercial shark fisliermen who fished

on both coasts claimed they were unable to dis-

tinguish one from the other except by area of

capture. I do not know the scientific name for

the form if it has a name, but whatever the

species, it is like nicamgucnsis or leucas and not

like mUherti. Meek and Hildebrand seemingly
had difficulties with this one in Fishes of Panama

(1923), wherein they discuss a Pacific species

Carcharh'mus azureus (Gilbert and St arks) as a

synonym of rrdlberti. But Meek and Hildebrand

did not see a specimen from the area which they
themselves could identify as inUberti and the

significant sentence in their treatment states—
We certainly must regard the present arrangement as

tentative only, for more specimens must be compared
before the true affinities of the specimens from the op-

posite coasts can be established.

A paper by Rosenblatt and Baldwin (1958) on

some of the carcharhinids of the eastern Pacific

presents for the first time information on the

presence or absence of the middorsal ridge in

Pacific species. This is an important contribution

and includes more comprehensive descriptions
than have hitherto been available for sharks of

the eastern tropical Pacific. These authors find

the separation of Eulaonia from Carcharhinus

unacceptable for Pacific species. In support of

this an vuifortunate choice of illustrative argu-
ment is used. They say C. altima, for example,
has a definite dermal ridge but teeth which are as

narrow as those of any member of the smooth-

backed group (Springer, 1950). This is an error.

The teeth of altma in the upper jaw are similar

in general shape to the teeth of the other species

of Eulamia. These authors logically call atten-

tion to the ill-assorted group left in the genus
Carcharhinus by my 1950 revision, mentioning
leucds and velox as examples. I am in complete

agreement with this but find no cogent argument
for the elimination of Eulamia^ since the species

of Eulamia as resti'icted are remarkably similar

to one another in all of their morphological fea-

tures. The sharks allied to the genus Carchar-

hinus are far too widespread and numerous and

there is far too little known about them for an

adequate study of the entire group. Additional

revisions of the group are needed.

Differences between adults of E. altima and

inilhertl are quite apparent in field examination

wlien the two are seen side by side. The snout of

altima is longer and notably thicker dorsoven-

trally. Furthermore, the first dorsal fin in E.

altima looks quite different because it is not quite

so far forward as in E. milberti and is neither so

erect nor so high. The high and erect dorsal fin

of E. milierti in a forward position (fig. 2) is a

reliable and adequate character for field recogni-

tion of adults in the water, if the size of the

shark is taken into consideration.

Gill (1862) based his classification of the car-

charhinid sharks almost entirely on the structure

of the teeth. His arrangement of genera was not

satisfactory and it is apparent that short descrip-

tions of shark teeth are inadequate and lead to

confusion even though the number and form of

the teeth show comparatively little variation

within species and are of considerable diagnostic

value. The persistence of essentially similar

shape and structure in the successively larger

teeth appearing in some carcharhinid sharks as

they grow has been fairly well established by ob-

servation. In E. milierti, at least, this appears

to be true, although this is neither universal

among sharks nor adequately demonstrated for

many species.

To obtain some verification of the extent of

variation in the number of tooth rows in car-

charhinid sharks, I took advantage of a situation

requiring the preparation of several hundred

clean, dry shark jaws for a commercial order. I

carefully identified the sharks and tagged the

^^jaws of a series of 110 E. milierti together with

all other sharks appearing at the same time on

the dock at Salerno, Fla. All of the milberti and

most of the other sharks were adults ;
sex was not

noted. After the jaws were cleaned I counted

and recorded the number of tooth rows (table 1).

To the extent thut this sample represents the

population of milberti, the counts of rows of

teeth indicate that variation is small in that

species.

The shape and the relative position of the fins

in carcharhinid sharks are reasonably useful

characteristics for identification. Small differ-

ences in the size of fins or even in their positions,

however, are of comparatively little value because

of differential growth and the diverse trends this

^^^r
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Figure 2.—Eulamia milberli turning in front of the camera at Marineland, Fla. Note that the pectoral fins are quite

broad at their bases, relatively pointed and not strongly concave on their trailing edges. With the exception of

the caudal fin, all fins function as rudders or stabilizers and cannot be used independently i for locomotion The

pectorals provide lift to offset the lift of the asymmetrical caudal since without a forward lift-the shark would tend

to somersault. The large stiff fins in forward positions reduce the ability of this species to roll and twist but may
be expected to increase the precision of its forward swoops at creatures on the sea bottom. (Photograph courtesy

of Marine Studios, Marineland, Fla.)

growth may take in different species. Data to

show adequately the differential growth in car-

charhinids are lacking. But one example will

suffice to show how unreliable proportional meas-

urements can be for comparisons between species

in which specimens of different sizes and ages
are involved, and in which the growth patterns
of the species l)cing compared are mikncnvn. In

three examples of young ^- milberti, 685. 680,

iiiid r)?);") mm. long, from the vicinity of Woods
Hole, Mass.. the lengths of pectoral fins (meas-
ured on their outer margins or leading edges)
are 16.2, 15.0. and 15.0 percent of the total length
of the sharks. In three adult milberti from oflt

Englewood. Fla., 2.210. 2,070, and 2,240 mm. long,

tlte pectoral fin lengths are 21.3, 21.5. and 21.0

jiercent of the total length. Let us compare these

])roportions with measurements of pectoral fin

lengths of the whitetip shark. Ptcrolamiops

longiminiiis (Poey). A late-embryo whitetip 530

mm. long, taken l.''>5 miles off Xew Smyrna. Fla.,

has a pectoral fin length 22. (i percent of the total

length; a young wliiteti]) 1.020 mm. long, taken

olf Tumpico, Mexico, lias a pectoral fin 25.5 per-

cent of the total length; and an adult whitetip,

2.310 mm. long, from the central Caribbean, has

a pectoral fin 22.0 percent of the total length.

The figures indicate a proportionately longer
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Table 1.— Tooth-row counts in carcharhinid sharks taken off Salerno, Fla., summer of 19^7
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Corcharias lourus

Caleocerdo cuvier

Negopr/on brevirostris

Aprionodon isodon

Carcharhinus limbatus*

Carcharhinus macutipinnis

Carcharhinus leucas

Eulamia milberti

Eulamia altima

Eulamia floridarya

Eulamia obscura

Sphyrna sp.**

115

' '" y-i';""—1 ?.?

INCHES
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size range of embryos
d-

^^ = size of adults

Figure 3.—Comparative sizes of adults and joung of common large sharks found within the geographical range of E.

milberti. The figures at the right indicate the number of specimens in the sample used to determine size range. The
size ranges for embr_vos are estimates based on maximum observed lengths of embryos and minimun lengths of free-

swimming young observed in Florida collections. (* Size range in Florida-Antillean specimens. Western Gulf of

Mexico and Central American coast specimens are smaller and produce smaller young. The western stock may
prove to be distinct and if so should take the name Carcharhinus natator Meek and Hildebrand. ** The great
hammerhead of the West Indian region, following Bigelow and Schroeder (1948). The nomenclature is now unsettled.

The name Sphyrna tudes is not available for the great hammerhead and probably should be replaced by Sphyrna
mokarran (Ruppell).)

dental recruitment from the principal population.
Within the expected vertical and geographical

range of the species are some areas which appear
to be avoided. IL ia^^iell to^'uientioii a^*iit that

the sandbar shark, like other large sharks, is not

prevented by well-defined barriers from wander-

ing out of its normal range.

The limits of distribution are therefore not

sharph- defined. Following the traditional pat-
tern in descriptions of distribution it may be said

that the sandbar shark, as rejiresented by the

western Xorth Atlantic population, is common
in summer off the Atlantic coast from Cape Cod
to West Palm Beach, Fla., and in winter from

the coast of the Carolinas around the tip of

Florida to the gulf coast of Florida as far north

as Tarpon Springs. It occurs uncommonly in the

western part of the Gulf of Mexico and along the

continental shores southward to Costa Rica. It

is a casual visitor on the northern coast of Cuba

and the western edges of the Bahama Banks. Its

vertical range is from the shoreline out to li'?5

fathoms. It enters bay mouths but is not found

in fresli waters.

The ])rincipal source of information on the

distribution of tlie sandbar shark comes from the

commercial shark fishery. Atlantic 'coast shark

fishernxen iised bottoiu setlines -Aiore often than



12 FISHERY BULLETIN OF THE FISH AND "WILDLIFE SERVICE

any other gear. Each unit of gear consisted of a

main line of chain or wire rope a half-mile or

more in length. This was set on the bottom,

anchored at both ends with the anchors rigged
with buoys so that the lines could be retrieved.

Short, branch lines made of chain, each with a

baited hook, were spaced at intervals of 20 to 40

feet along the central part of the main line. The

typical unit, had 100 hooks. Flof^ting lines and

anchored gill net's wer^'alao, -tt^d-eScasibnally

in the fishery.

Positive information from the shark fishery on

the distribution of E. milherti is quite volumi-

nous and detailed. Systems of payments to fish-

ermen required detailed records involving iden-

tification and measurement of all sharks landed

by ves.sels of the principal fishing company. Al-

together, records of landings of more than

100,000 milberti during a period of 15 years have

been examined.

Information on the absence of E. milberti from

si>ecific areas has been difficult to assemble, but

here also the records of the shark fishery supply
most of the data. The species was firet repoi'ted

in the Florida area from correctly identified

specimens after the commercial shark fishery

began (Springer, 1938), so the earlier scientific

literature has been useless in the establish-

ment of the range of the species in the Florida

area southward. Offsliore records, from areas

where water depths are more than 500 fathoms,

are exclusively from catches made on tuna

longlines used by the exploratory fishing vessel

Oregon (for descriptions of this gear see

Bullis, 1955, and Captiva, 1955). Some infonna-

tion on the distribution of the young was obtained

from otter-trawl catches made by the exploratory

fishing vessel Delaware off the coast of North

Carolina. Additional scattered records were

picked up from accidental catches made by com-

mercial and sport fishermen who used various

types of gear, from catches made by collectors

fishing for aquarium specimens, and from biolo-

gists who captured specimens incidental to other

collecting activities.

The area of greatest uncertainty is in the off-

shore and midwater range. Recent marine ex-

ploration has shown that substantial populations

of large sharks, fishes, and invertebrates live in

subsurface waters beyond the Continental Shelf

where they have escaped the attention of natu-

ralists. On June 11, 1954, the first E. milberti

known from waters beyond the Continental Shelf

was taken on a tuna longline hook at USFWS
Oregon station 1099, 85 miles off the coast of

Texas where the depth was approximately 600

fathoms. Since the hook was set to fish at about

30 fathoms, this shark, an adult male, was cruis-

ing in midwater. Throughout the second half of

1954, all of 1955, and the first part of 1956, long-

line fishing was carried on in the offshore waters

of the Gulf of Mexico by the M/V Oregon and a

few commercial vessels. Large numbers of sharks

were taken, chiefly species known to be partly or

entirely pelagic. No additional milberti were

taken until early February 1955, when a com-

mercial vessel caught two adult females about 50

miles off the northern edge of the Campeche
Bank where depths were estimated to be more

than 1,000 fathoms. These sharks were caught
on longlines with hooks fishing not more than

50 fathoms deep. These three captures, outside

the principal range, appear to have little signifi-

cance in the general picture of the distribution

of Eula7nia milherti.

Factors affecting distribution

It may be assumed that water temperature and

salinity are important in limiting the distribution

of the sandbar shark and that there are other

factors clearly influencing the movements and

distribution of the species. The reaction of sand-

bar sharks to ocean currents, the availability of

food, the relation between the growth rate or the

reproductive pattern and the migratory move-

ments, all appear to be important in forcing the

species into a particular range. No data are

available, however, to show the relative strengths

of these conditions as determinants of the range
of the sandbar shark.

The facts, from superficial examination at least,

do not support the thesis that competition with

other species is a powerful influence in the selec-

tion of a particular range. Young Eulamia mil-

berti, for example, apparently caiuiot long sur-

vive where large Carcharhimis lencas in propor-

tion to milberti are relatively abimdant. The

presence of large numbers of large C. levcas in

the vicinity of the nioiitli of the Mississippi River

seemingly does not deter gravid female milberti

from moving into the area to give birth to young.
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Whatever the particular reason or reasons may
be, the general absence of young milberti in the

Gulf of Mexico shows that conditions are un-

favorable for them. Circumstantial evidence

suggests that interspecies competition is respon-

sible, because large C. leucas eat young milberti.

No explanation is apparent for the common
occurrence of E. milberti along the continental

shores and its absence from most of the West
Indian shallow waters except that the species

seems to have preferences for certain types of

bottom. E. ??ulberti is ordinarily not common in

areas of coral reefs or where the bottom is rough.
Since it is chiefly a bottom-dwelling species, it is

not surprising that it would exhibit preference

for one type of bottom over another. In its

migratory passages around the southern tip of

Florida and the Florida Keys, however, there

appears to be active avoidance of the fringing
reef. Here the migrating adults leave the rela-

tively shallow areas they inhabit on both the east

and west coasts of Florida and temporarily enter

, and feed in much deeper water. J ©» ^ '

Nursery grounds and distribution of young '•^*  

I

The principal nursery grounds of the western
' North Atlantic population of Eulami.a milberti

lie in relatively shallow water along the Atlantic

coast of the United States from Long Island to

Cape Canaveral, Fla. This range may be ex-

tended slightly at its northern end to the south

side of Cape Cod in favorable years but the

southern limit is more definitely fixed. Not one

young milberti has been taken south of Cape
Canaveral, around the tip of Florida, or in the

eastern Gulf of Mexico. On the east coast of

Florida, south of Cape Canaveral, a few sexually
immature milberti of almost adult size have been

taken; but in this area adult milberti are com-
mon. A great quantity and variety of fishing
effort lias been concentrated south of Cape
Canaveral on the Florida coast. The total ab-

sence of young milberti here is remarkable in

view of the somewhat indefinite range limits of

the adults.

A secondary nurseiy range apparently lies in

the northwestern part of the Gulf of Mexico. It

is indicated only by the capture of a few females
with near full-term embryos near the mouth of
the Mississippi River, the capture of a large

552508 —60 3

milberti with nearly full-term embryos off the

Texas coast (Henry Hildebrand, 1954), and a

specimen 747 mm. (nearly 30 inches) from the

Texas coast (Bigelow and Schroeder, 1948).
It is probable that gravid females wandering

away from the principal range of the species give
birth to young along the Mexican and Central

American coast, but no records of the capture of

young in this area have been found. Shark fish-

ing on a small scale has been carried out over

most of this area and catches have been examined
at various points from the mouth of the Rio
Grande River to Costa Rica; but excepting the

Gulf of Campeche, no young milberti appeared.
The female Eulumia milberti^ which move into

the principal nur.sery areas to give birth to their

young, do not remain there long and do not feed

actively while there. This may explain the

scarcity of records of captures of adult E. m,il-

bertl along the Atlantic coast. Great South Bay,
Long Island, is one of the nursery areas of E.

milbei-tiand accounts of the appearance of fe-

males in the bay and birth of the young are given

by Thome (1916). Additional mention of the

appearance of E. milberti in the Great South

Bay area is made by Nichols (1918), who notes

that the interesting fact about them is that the

adults of the two sexes of the same species are

almost never taken together near Long Island.

Here the adult females are E. milberti and the

adult males are Carcharhinus leu<:as.

Records of young sharks from Chesapeake Bay
show that E. milberti gives birth to young in the

bay in summer. William Massmann, of the Vir-

ginia Fisheries Laborator}^ has kindly given me
(in correspendenc*-) records of E. milberti from
the lower Chesapeake Bay. He sa5's

—
Although young of this species are probably the most

abundant shark In the Bay In summer, I would not say
that It is numerous. • • • it is commonly caught by
anglers and probably rather generally distributed in the
lower Bay. I have not seen an adult in the Bay or any
individual more than three and a half feet long.

After a comparatively brief period in shallow

water or in the mouths of bays, perhaps at the

beginning of cool weather, young vrllbertl appear
to move offshore. Tlie only area from which

young milberti are known in the winter .season

lies off the coasts of tiie Carolinas at depths out

to 75 fathoms.

->(
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Distribution off Atlantic coast of the United States and
in eastern Gulf of Mexico

The northern limit of the range of the sandbar

shark is easily established. There are no reliable

records of its capture from the Gulf of Maine

(Bigelow and Schroeder, 1953), but south of

Cape Cod it has been taken frequently but irregu-

larly at Woods Hole, Mass. Numerous records

of the species along the Atlantic coast of the

United States are summarized by Bigelow and

Schroeder (1948). Sandbar sharks may be said

to be common in summer along the Atlantic coast

of the Ignited States from Long Island to the tip

of Florida and in winter along the waters of the

Continental Shelf off the Carolinas southward to

the southern tip of Florida, in water of moderate

depths in the Florida Straits and along the west

coast of Florida northward to Tarpon Springs

or the Middle Grounds (the rough bottom area

south of Cape San Bias, Fla.). This area is the

principal known range, but the species has also

been taken in small numbers from the northern

and western Gulf of Mexico, the western borders

of the Bahama Bank, the northern coast of Cuba,
and the Caribbean coast of Nicaragua and north-

ern Costa Rica (fig. 4). , i"

The hypothesis is advanced hejie that the sand-

/
bar sharks of the eastern and southern sides of

the Gulf Stream in the Straits of Florida are

casual visitors to those areas and that the stock

of the northern and western parts of the Gulf of

Mexico is a breeding stock which is not self-

sustaining, but is recruited in part from migra-

tory adults moving to the northern and western

parts of the Gulf by mistake or through error in

orientation and navigation during the regular

winter migration of the principal stock.

The sandbar shark has been taken from the

shallows along beaches out to a depth of about

135 fathoms. The young have been taken most

often in shallow waters to depths of about 5 to

25 fathoms in summer, but in winter they move

offshore to warmer water and depths as great as

75 fathoms off the Carolina coast.

The sandbar shark is known only from the

shallower part of the Continental Shelf in the

warmer months in the extreme northern part of

its range. Probably the adults are more common

off beaches tlian in major bays or inlets. Hilde-

brand and Schroeder (1928) found the species

rather rare in Chesapeake Bay although more

common than any other shark except the spiny

dogfish. Radcliffe (1916) states that the species

appears to be rare in the Beaufort, North Caro-

lina, region. However, it was regarded as com-

mon in bays on the ocean side of Long Island

from mid-June to mid-September, by Nichols and

Breder (1927).

The apparent scarcity of adult E. milberti

noted by Hildebrand and Schroeder and by Rad-

cliffe is easily explained. It is possible that E.

milberti enters the mouths of bays to give birth

to young more frequently than records suggest.

Female Carch/irhinus Jeucas and Negaprion hrevi-

rostris move inshore and stop feeding for a short

period at the time of the birth of their young,
and immediately after the young are born the

females move into comparatively deeper water.

This may be a common habit among carchar-

hinids and certainly a very useful one to provide

for survival of the species. The Long Island

records are to a large extent based on harpooned

specimens, and adult females should probably not

be expected to be easily available to capture on

baited hooks in areas where the young are born.

The best fishing depth for adult E. mWberti

from the Carolinas south to Miami was found by
the commercial shark fishermen to be 15 to 30

fathoms. On this stretch of coast it was rarely

if ever taken beyond 50 fathoms on bottom set-

lines and made up less than 5 percent of the catch

on floatlines set beyond the 100-fathom curve.

Southward from Miami, mUberti was rare

among the keys, in Hawk Channel, or along the

shallower portions of the reefs south of the

Florida Keys. In the winter, a few appeared in

catches made in the Northwest Ship Channel but,

in general, these waters were left to other species.

The sandbar sharks, however, were the common-

est sharks on the bottom beyond the fringing reef

out to depths of 50 fathoms and made up sub-

stantial portions of catches out to 100 fathoms.

They were appreciably more numerous in catches

off the lower keys where currents were not so

strong. Northward from the keys along the west

Florida coast as far as Tampa, E. milberti was

found to be most abundant in depths of less than

30 fathoms.

Shark-fishing vessels operated out of Salerno,

Fla., almost every day that weather permitted
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only adult milbej'ti and the comparatively few

sexually immature mUherti of adult size occur-

ring with the adults.

On the west coast of Florida, shark-fishing
vessels caught no E. m.nbertl at all from May
through November and reported their largest

catches from January through March in each of

several years for which data are available.

At Key West, Fla., high catch rates were ob-

tained for milberti from deepwater sets made in

the winter and early spring but catches at other

seasons were poor.

High catch rates of adult E. milberti were ob-

tained by shark-fishing vessels off the Carolinas

in September, and from 1946 to 1949 one or two
of the more able shark-fishing vessels followed

the fisliing for adult milberti southward, arriving
off Salerno in January or February.

Scouting by shai"k-fishing vessels showed that

some adult 7nilberti were present in each month
of the year along the Atlantic coast between the

latitudes of Charleston, South Carolina, and

Miami, Florida. Although E. milberti was the

principal species sought in this area, other species

contributed variously to the value of the total

catch. Table 2 shows the comparative availa-

bility of large sharks to the kinds of fishing gear

employed in the Salerno area in the late spring.

Distribution in Bahamas and West Indies

E. m,ilberti is common only on the western side

of the Gulf Stream. On the eastern side of the

sti'eam, it is replaced by E. falciformis as the

common inshore Eulamia. The wandering of

milberti into the Antillean area may be quite
limited. There are no records of milberti east-

ward through the West Indies nor from the

southern shores of Cuba. A shark fishing opera-
tion on the eastern part of the Bahama Bank in

the period from 1947 to 1949 did not take mil-

berti.

E. falciformis was reported by Evermann and
Marsh (1902) from Puerto Rico; by Beebe and

Tee Van (1928) from Port-au-Prince Bay, Haiti
;

by Nichols (1929) from Puerto Rico; and by
Backus (19.57) from open sea situations east of

the Gulf Stream. None of these authors noted

the presence of E. milberti.

Frank Mather III has told^-me in correspond-

ence.of the capture of E. fwhiformis and E. flori-

d^nu from the vicinity of St. Croix and St. Thomas
in the Virgin Islands. Mather's fisliing operations
covered the depth range in which E. milberti

would be expected if its geographical range ex-

fends through the West Indies and if the absence

of milberti follows the usual pattern in the West
Indies. \

Table 2.—Sharks taken by commercial fishing vessels in the

Salerno-Fort Pierce area {Bethel Shoal to Jupiter Light)
and landed at Salerno, Fla., in May and June 1945-46

|1 to 3 vessels; only sharks with hide length of 55 in. or more included; fishing
depths from 18 to 40 fathoms]

Number of sharks

Species

Eulamia milberti (Miiller and Henle), sandbar shark.,
Spht/rna sp.,' hammerheads
Eulamia obscura (LeSueur), dusky shark
Eulamia Horidana (Bigelow, Schroeder, and Springer),
silky shark .,,

Galeocerdo curier (LeSueur), tiger shark
Carctiarhinus leucas (Miiller and Henle). bull shark.. .

Negaprion breviToatris (Poey), lemon shark
Carcharhinus sp.,^ blacktips
Qinglymostoma cirratum (Gmelin), nurse shark..
Carcharodon carctiarins (Linnaeus), great white shark.
Isurus oiyrinchus Raflnesque, mako
Unidentified

• 3 species; station records do not distinguish kind.
3 2 species; station records do not distinguish kind.

That the Gulf Stream is not itself a barrier to

E. milberti is apparent from the occasional cap-

tures along the Bahama Banks and off the north-

ern coast of Cuba. It is possible that large num-

bers of migratory sharks may wander away from

normal migratory routes at times when unusual

conditions prevail. Certainly a few Tnilberti

JA.-t/^
cross the stream.

From May 18, 1948, to July 8, 1948, I under-

took a program of experimental shark fishing

along the western edge of the Bahama Bank from

Riding Rock northward. Fishing operations

were carried out from a base at the Lerner Ma-

rine Laboratory of the American Museum of

Natural History at Bimini, using a fishing vessel

and gear provided by the Shark Industries Divi-

sion of the Borden Co. Fishing was carried on

chiefly by bottom setlines at depths from 10 to

200 fathoms, but some floating lines were used to

assure collection of as wide a variety of sharks as

possible. Sets included some made at various

levels along the extremely pr.ecipitous slope of the

bank, which drops off abruptly from about 20

fathoms down to the floor of the Gulf Stream

channel where depths are more than 150 fathoms.
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Durino; the entire fishing period along the Ba-

hama Banks only 14 E. miJherti were caught in

the lot of 447 sharks. Of the total, 197 were

reef sharks, Eulamia spj'ingeri (Bigelow and

Schroeder).

Table 3.—Sharks taken in exploratory fishing from the

Duskv along edges of northwestern Bahama Banks,
May 'l8 to July 8, 1H8
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landed by the shark fishery. The abundance of

bull sharks at various locations in the Gulf of

Mexico varies seasonally, but from the vicinity

of Apalachicola, Fla., westward along the north-

ern coast of the Gulf of Mexico and southward

along the coasts of Central and South America

as far at least as French Guiana, bull sharks fonn
the major part of catches of large sharks made by
shallow-water setlines in some seasons. Table 4

shows the comparative frequence of capture of

large sharks during a test-fishing period off the

mouth of the Mississippi River.

Table 4.— Large sharks taken from the Joe Leckich on
hMom lines set in 5 to 35 fathoms off the mouth of the

Mississippi River, June 25 to July '29, 19^7

Species '

Carctiarhinus leucas TMiiller and Henle), bull shark...
Fulamia obscura (LeSueur), dusky shark.
Oaleocerdo cutier fLeSueur), tiger shark.
Carcliarliinus limbatus (Miiller and Henle), little

blacktip '

Spttyrna sp., great hammerhead
CaTcharhinus macrilipinnif:, big blacktip .

Fulamia milherti ( Miiller and Henle), sandbar shark.
Carcharias tauruf: R;ifincsque, sand shark..

Negaprwn brerirofilris d'oey), lemon shark
Sphyrna tewini GrilTith, southern hammerhead
Eulamia floridana (Bigelow, Schroeder, and Springer),
silky shark

:^.:
Eulamia springeri (Bigelow and Schroeder) .U.

Average
weight
of liver

(lb.)

38
53
129

3
49
13
U
26
20
12

16
4

' Also taken but not recorded because of small size: several Scoliodon
terra-novae (Richardson), Carcharhinus porosus Ranzani, and Mustelus canis

(Mitchill), and one young Qiftgtymostoma cirratum (Gmelin).
2 Continental form—typical of western Gulf of Mexico.

The eight E. milherti were adult females and

five of them were gravid. Since milberti has

liver oil of comparatively higher potency than

the oil from other species in the area, a special

effort was made to catch them in subsequent,

larger scale fishing efforts. Nevertheless, catches

of milherti were not made later during 1947 and

commercial fishermen operating in the area re-

ported sandbar sharks absent in 1948 and 1949.

JThe few records of E. milherti from offshore

Gulf waters would not be important except that

they serve to show the species can move into and

across deep areas of the ocean. Off the Atlantic

States there has been comparatively little long-
line fishing beyond the Continental Shelf and

there are no records of milherti from deep water.

There are, however, records of catches of Eulamia

faUifonnis (Miiller and Henle) and E. obscura

from longline sets made by the exploratory fish-

ing vessel Delaware beyond the limits of the

Continental Shelf off the Middle Atlantic States.

These two species are also reported by Backus

( 1957) from the Atlantic beyond Continental

Shelf limits.

A lot of 51 adult sandbar sharks was taken by

Captain B. W. Winkler from off the Caribbean

coast of Nicaragua and Costa Rica. This group
included all of the sandbar sharks in a collection

of 854 sharks of all species which Captain Wink-
ler measured and recorded for me from Septem-
ber through December, 1948. The most inter-

esting feature of this collection of E. milherti

was that it was made up of approximately equal
numbers of adult males and females (26 males

and 25 females).

The .shark fauna of the area as represented by

Captain Winkler's collections included a large
number of species that are predatory on sharks

of the size of young E. milherti. The following
sharks were taken :

Species: Number
Carcharhinus, ' chottos or bull sharks 421

Galeocerdo cuvier (LeSueur), tiger shark

Eulamia obscura (LeSueur), dusky shark

Eulamia floridana (Bigelow, Schroeder, and

Springer), silky shark

Carcharhinus limbatus (Muller and Henle),*

little blacktip

Eulamia milberti (Muller and Henle), sandbar

shark

Sphyrna sp. (not determined), hammerhead
shark

Eulamia sp.,' reef sharks

Scoliodon sp., sharpnose shark

Hexanchus sp.,* cow sharks

Ginglymostoma cirratum (Gmelin), nurse shark..

Eulamia altima Springer, bignose shark

Negaprion brevirostris (Poey), lemon shark

Undetermined '

85

76

70

54

51

27

25

15

13

3

2

1

4

' Either C. leucas (IVIiiller and Henle) or C. nicaraguensis (Gill and Brans-

ford) or both.
2 Continental form.
s Probably F. springeri (Bigelow and Schroeder) or F. falciformis (Muller

and Henle).
* Includes two species.
5 Possibly a small species of Oaleorhinus.

n^. few days' fishing with bottom longlines

along the outer edge of the Continental Shelf off

northern Nicaragua and on Serrana and Seranilla

Banks in February 1949 failed to produce E.

7nilherfi or any adult sharks, but moderate num-

bers of young E. faridana were taken.

As a grader and buyer, I examined several lots

of dried sliark fins said to have been taken off the

coasts of Colombia and Venezuela. E. milherti

fins were not noticed althougli it is possible that
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a few might have been overlooked. The fins of

E. milberti adults (pectorals, first dorsal, and

lower caudal lobe) are more desirable for com-

mercial purposes than the fins of some other

species because they are thicker and have a rela-

tively lar>::e proportion of the material used for

shark-fin soup. Shark fishermen withi.' wliom I

tallced and who would recognize imlberti also re-

ported the absence of the species from their

catches made oif Colombia and Venezuela. Thus,
evidence for the occurrence of E. milberti in the

southwestern Caribbean, while not very satisfac-

tory, is negative. ~a ,n)v

f
MIGRATION

It is probable that the migrations of E. mil-

berti are of two kinds. One is simply the gradual
withdrawal of the sharks from waters that be-

come too cold or too warm—a movement that is

accompanied by normal feeding acti\nties and is

characteristic of immature sharks. The other is

a movement, generally, over a greater distance

that may or may not be induced by temperature

changes. The general patterns of the major
movements of adult sandbar sharks suggest that

ocean currents greatly influence the direction and
extent of the movements.

It is necessary to consider the migratory move-
ments of the adult male, the adult female, and
the immature Eid-amia milberti separately, "^'e

may look upon the Atlantic coast from the vi-

cinity of Cliarleston, South Carolina, to the

northern part of Florida as the core of distribu-

tion of the principal stock of the western North
Atlantic population because it is only in this area
that all three groups are known to be found.
This may mean merely that in this area there is

overlapping distribution. "We know tliat the
adult females go as far north as Long Island to

give birth to young in summer and in some years
even farther, to tlie vicinity of Cape Cod. There
are no data to show whether the adult males or

nongravid females mo\e nortliward into the por-
tion of the species' range lying nortii of the Caro-
linas. All that is known of the distribution of
the young is tliat the voting are born in water of
moderate salinity from Cape Canaveral to (\ape
Cod and tliat some of them move in winter into
the

comi)aratively warmer offsliore water found
at depths of 50 to 75 fathoms on the Carolina

coast. Until the young sharks reach adult size

they do not take part in the long southern migra-
tion characteristic of adults or move south of

Cape Canaveral. One capture of a lot of nearly
200 young off North Carolina indicates that the

young occur in schools of both sexes and of mixed
sizes.

Migratory movements of adult E. milberti

south of Cape Canaveral are more clearly out-

lined from the data available from the shark

fishery. The annual southward movement ap-

pears to be coincidental with the beginning of

cooler weather and to be accelerated by cold

snaps.

A very much larger number of adult female

sandbar sharks were taken than adult males by
the Florida shark fishermen. This and the tend-

ency to segregation by sex, will be discussed later

in connection with reproduction. But it should be

pointed out here that no adult males are recorded

from inshore nursery grounds and probably occur

there but rarely. In the Florida shark fishery,

adult males of most species brought more money
than adult females and were particularly sought

by fishermen. The fishermen were convinced by
observation that adult males of most species in-

cluding m,ilberti were usually in deeper and cooler

water than the females, that they usually pre-

ceded the females in migration, and that they

usually were to be found in more compact aggre-

gations so that fishing was best where males could

be found. Such figures as are available bear this

out. A rationale for this condition is suggested

by the thermal sensitivity (decreased fertility

with application of heat) of the male germ plasm
among vertebrates in general (see Cowles, 1945).

The sandbar shark is properly considered a

"ground shark" and is rarely to be seen from the

surface except when it comes into shallow water.

An exception to this occurs off Salerno immedi-

ately following ]>eriods of especially cold winter

weather nortli of that area. At such times, when
weather and water surface conditions permitted
observations from a boat, large schools of mil-

berti were to be seen headed south, swimming at

about .S to 5 knots 5 to 10 feet below the surface,

but where water deptiis were about 20 fathoms or

more. Shark fishermen have tTt>kt:jHe, a«d-=fiay<

o^vn expedience bears this out, that it is useless

to trv to follow these sharks or to trv to divert

I
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them by chumming or by setting lines ahead of

them. The appearance of southbound schools at

Salerno was generally accepted as a harbinger of

better fishing a few days later.

The southbound migratoiy movements of E.

milherti at Salerno were inshore and within the

southbound eddy of the Gulf Stream; north-

bound movements were not observed. It is sug-

gested that these movements were eitlier offshore

movements or slower movements of more diffuse

aggregations. Northbound movements offshore

would be aided by the Gulf Stream. An hypothe-
sis whicli may be more convenient than signifi-

cant is that E. milherti tends to follow currents

in migration and if the currents are strong does

not go against them. Of course, sharks would

not make appreciable headway against the cur-

rent at the surface near the axis of the Gulf

Stream without vigorous and persistent effort.

The sandbar shai'k does appear to take advantage
of eddies or countercurrents and the fishing

plans of some of the more successful shark fisher-

men were based on an assumption that the shark's

seasonal movements would follow tlie currents

available at the time.

The distance traveled by various segments of

the population probably does not extend from one

end of the geographical range of the species to

the other. From the southern end of the nursery

range of the principal stock at Cape Canaveral,

a seasonal gradient of availability was shown by
catch per unit-of-effort data. This availability

decreased in summer southward and around the

tip of Florida to the west coast of Florida where

the species was completely absent from summer

catches. Thus, the minimum migratory travel of

the part of the stock reaching the vicinity of

Tampa would be approximately 600 miles.

Catches of E. milherti throughout the area be-

yond the southern end of the nursery range reach

their highest peak in midwinter. Catch per unit-

of-effort data previously published (Springer,

1951) show the catch of E. milberti at Salerno,

Florida, as decreasing from 4.8 fish per 100 hooks

for Februaiy to a low of 1.1 per 100 hooks for

September. A cold upwelling over the narrow

Continental Shelf immediately north of Jupiter

Light usually occurs in June or July. It is prob-

ably of brief duration but annually stuns great

quantities of fish, although the sharks are not

affected. This phenomenon coincides with spec-

tacularly good shark fishing and possibly also

with considerable mating activity on the part of

E. milberti. This may give some bias to Salerno

catch per unit-of-effort figures for early summer.

REPRODUCTION
Courtship and mating

I have seen neither the courtship nor mating of

Eulamia milherti. The general pattern may be

constructed, however, from fragments of infor-

mation and from inferences based on the few

facts known about related large sharks. The

comparative morphology of the secondary sexual

apparatus of male sharks has been given compre-
hensive discussion by Leigh-Sharpe in 11 papers.

The functions ascribed by Leigh-Sharpe in three

of these papers (1920, 1921, and 1924) to the vari-

ous parts of the ajjparatus in carcharhinid sharks

are in general accord with my observations on

GaUocerdo, the tiger shark. The courtship pat-

erns in Galeocerdo, Eula/mia milherti, and other

large carcharhinids probably do not differ

greatly.

A brief outline of the mechanics of fertilization

in tlie carcharhinid sharks is included here to

oriept the reader in, following some of the infer-

ences made in later discussion of differential

death rates in the sexes. "^Carcharhinid sharks are

born alive and fertilization is internal. Paired

intromittent organs of the male known as clasp-

ers are supported by cartilages. Immediately

following the rapid enlargement of the testes,

which occurs at maturity, layers of calcification

appear at the surface on the principal clasper

cartilages. At this time the claspers become

semirigid except at the basal area of attachment

of the claspers to the base of the pelvic fin adja-

cent to the cloaca. The tip of each clasper, how-

ever, is expandible. When expanded, the carti-

lages of the tip are transverse to the main axis

of the clasper and open as the ribs of a fan. The

expanded tips are thought to serve both to liokl the

oviducts of the female open and to prevent with-

drawal of the claspers because of the rigid carti-

lages in a transverse position. The very large

clasper siplions are a distinguishing and peculiar

feature of the apparatus in male carcharhinids.

These siphons are a pair of separate sacs lying

just under the skin of the belly on either side of
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the midline and extendinjr from the pelvic to the

pectoral ureas. They function as reservoirs for

the sea water used to flush the male sex cells from

the bases of the claspers into the oviducts of the

female during mating. The siphons may hold a

large amount of sea water, as much as 2 gallons

in Guleottrdo. The siphons do not ordinarily

contain the sea water which is presumed to enter

the siphons during the period immediately pre-

ceding mating.

During the mating season the area at the bases

of the claspers of the larger carcharhinids exhibit

extraordinary vascular congestion. Characteris-

tically, in male Galeocerdo, a mass of very soft

spongy tissue appears around the cloaca. This is

present to a lesser degree in the smaller carchar-

hinids such as
t!^

milberti. Unusual congestion,

edema, and suboermal hemorrhage at the base of

the claspers are evidences of courtship activity on

the part of the male.

Large sharks are not highly maneuverable and

cannot swim backward, so it is necessary for the

claspers to rotate and point forward during mat-

ing. Since the muscle system in the typical
carcharhinid clasper seemed functionally inade-

quate or feeblf, I carried out an experiment
which incidentally revealed the probable method

by which the clasper siphons are filled with sea

water. I oTitained an adult male Carcharhinus

lirnhatus about 5 feet long and evidently in mat-

ing condition. The choice of species was dic-

tated by circumstances, one of which was the fact

that a 5-foot shark was as large as I could man-

aged By injecting a considerable quantity of an

isotonic solution into the caudal vein, ^'^as able

to induce the claspers to assume the normal mat-

ing position. This action caused the claspers to

revolve inward and forwai-d. As the claspers
moved into a forward pointing position, a funnel,

formed by a membrane supported by rods of

cartilage, opened at the base of each clasper. The
mouth of the funnel was also directed forward
and the constricted end led into the siphon. The
caudal vein was plugged experimentally to hold
the claspers and funnel in position and the shark
was moved forward as rapidly as possible

through tlie water. This caused the clasper

siphons to fill with water. Application of addi-

tional pressure to the caudal vein resulted in com-

plete expansion of the fanlike tip of each clasper.

The course of courtship and mating in all of

the larger carcharhinids including Ey milberti

probably follows the pattern in which the male

persistently follows and occasionally bites the

female on the back until she swims upside down.

Both claspers probably function at the same time,

one entering each oviduct of the female by way
of the lateral opening from the cloaca. The con-

tact of the two sharks may be presumed to force

the sperm-ladened sea water from the siphons
into the oviducts.

The mating pattern has been given in .some de-

tail to emphasize the point that mating is very

complicated in carcharhinids, and that the me-

chanical difficulties are compounded among the

larger species by their greater weight and lesser

maneuverability.

Time of mating

The approximate period of the mating season

is established by the appearance of males with

enlarged testes and also with some evidence of

vascular congestion of the pelvic-fin area and by
the appearance of females with eggs of full size

in the ovaries (about 1 to li^ inches in diameter

in l^mllberti) . In the vicinity of Salerno, Fla.,

mating of ^milberti evidently takes place in the

spring or early summer. Males appear commonly
in inshore catches after the firet of Februaiy but

remain segregated for some time. Catches of

both sexes indicating mixed schools are more fre-

quently made in April and May than in other

months. After Ma}\ male i^. milberti are rela-

tivel}' scarce in Salerno catches. Among car-

charhinids, the males may stop eating during the

courtship period. This is an inference drawn

partly from the general reduction of catches of

males on baited hooks during mating seasons,

partly from the observed smaller size of the

livers of males immediately following the mating
season, and partly fiom observations on the mat-

ing activity of Galeocerdo.

Fertilized eggs and the smallest detectable em-

bryos were observed first in Salerno catches from

the first part of July to the first ]>art of August.
Tlu' time of mating can be established with more

l)recision, however, by observation of the time of

appearance of the fresh courtship scars on the

females. Scars, tooth marks, and ismall open
wounds produced by shark teeth are conunonly
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found on adult female carcharhinids and are gen-

erally restricted to the dorsal surfaces between

the two dorsal fins. These are never present on

males or immature females and are obviously

produced during courtship. Scars or wounds are

not always present on gravid females or at least

are not always detectable but were found on

about half the gra'vid E. milberti taken at

Salerno. The coexistence of old and completely
healed scars with fresh scars on some females is

one bit of evidence that female E. mnhei'ti pro-

duce more than one litter of pups in a lifetime.

All available evidence points to the month of

June as the time of maximum mating activity of

E. milberti in southeastern Florida waters. It

has- already been pointed out that 4nales were

rarely taken during the month of June when

mating activity is assumed to be at a peak. There

is some evidence from catches that the males were

present in substantial numbers at that time.

From 3 to 5 percent of the catches of the better

fishermen at Salerno, who kept their hooks very

sharp, were snagged sharks; that is, the sharks

were caught by hooks in the fins or tails or occa-

sionally in other parts of the body but not in the

^noiuth. More males were (jauglit in thik wa'y dur-

ing June than were iTOoked by mourh.

Development of the embryo ''^

In E. milbei'fi. as in other carcharhinids, it is

presumed that fertilization occurs after the large

egg leaves the single functional ovary. It is also

presumed that fertilization occurs before the egg
has been moved through a shell gland. Shell

glands are located near the anterior end of each

of the two functional oviducts. In passing

through the shell-gland area of an oviduct, a

single egg is enveloped by a diaphanous tubelike

shell capable of great expansion to accommodate

the growth of the embryo to a very large size.

The nutrient material from the egg yolk is suffi-

cient only to provide for early growth of the

embryo and to supplement nutrient materials

necessary for intermediate growth. The means

by which nourishment is supplied to the growing

embryos probably varies in different species of

carcharhinids, but in species of Eulamia, three

principal methods appear to be involved. In

addition to that sui)plied by the yolk some ab-

sorption of nutrient material from fluids in the

oviducts may be assumed to take place. This

would appear to be necessary to provide sufficient

material to carry the embryo to a length of about

12 inches at which length the pseudoplacenta is

formed from the yolk sac.

M^ observationKtHi the^mbryology of the sand-

bar shark are limited to general notes on the ex-

ternal appearance of the eggs and embryos at

several stages during development.
The spherical, unfertilized eggs in the single

functional ovary reach a diameter of 1 to li/i

inches. In winter and early spring, large num-

liers of adult females not carrying embryos were

fomul to have developing eggs 1/2 to 3^ inch in

diameter in the ovaries. In a few instances, fe-

males taken in July and August were found with

eggs of maximum size in the ovaries as well a&

fertilized eggs in the oviducts. In the greatest

disparity of development noted, there were two

large yellow eggs remaining in the functional

ovary while embryos in the oviducts ranged from

less than 6 mm. to 10 mm. in length.

A female 7niJherfi. 6 feet 7 inches long collected

off Salerno on July 2, 1948, in 25 fathoms, was

typical of a series taken in early July of that.,

year. This female contained 10 egg cases, 5 in

each oviduct
;
no large eggs remained in the fimc-

tional ovaiy. Each stringlike egg case was about

120 centimeters long, with thin membranous,
amber-colored, transparent walls. A single yolk
was contained in one expanded oval section of

each egg case. The expanded section, approxi-

mately 6 cm. long, was located about 10 to 12 cm.

from one end of the egg case. This section also

contained a clear fluid in each of 8 of the egg
cases that had developing embryos 9 to 13 mm.

long. The remaining 2 egg cases, one anteriorly
'

in each oviduct, contained milky fluid and there

was no evidence of fertilization nor development

of the single egg yolk contained in each. The

section of the egg case occupied by the embryo,

spherical yolk, and clear fluid was held in shape

by two longitudinal folds and by folded constric-

tions of the egg-case membrane at either end.

Xlie eo-fT case could, however, be unfolded and ex-

panded with relatively light internal pressure.

The egg case surrounds the embryo until birth

and unfolds or stretches to accommodate the de-

veloping embryo. "When the embryo reaches full

term the pseudoplacental mass extends outside of
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rlie e<rg.shell membriuie. but i% notes do not indi-

cate at what point the pseudoplacenta functions

outside of tlie shell inenihrane. The anioimt of

clear fluid within the shell increases as the em-

bryo grows. It is present at the time the embryo
reaches the approximate size at which the young
are born—24 inches in the Florida area. Exter-

nal gills were noted on embiyos up to about -1

inches but were absent on 41^- to 5-inch embryos.
Some 3'olk was found remaining in the pseudo-

placental apparatus in embryos that had reached

a size of 12 inches, but yolk material was entirely

absent from the well-developed, yolk-sac placen-

tal apparatus of embryos 15 inches long. As the

embryo grows, the yolk or attachment of the

pseudoplacenta lengthens. In E. milherti and in

other western North Atlantic Eidamia the yolk
stalk has no structural embellishments a^t^ any

stage in its development insofar as I-ha'^e-liTOeii

able t« discovec^ Structures of this kind occur

in , some species of hammerhead. Sphyrna, but

differ in the various species. When embryonic
E. milherti are near full term the stalk (pseudo-

placental attachment) is easily broken at the

point of attachment to the embiyo. The scar of

this attachment remains clearly visible until the

young shark has attained an inch or more of

postnatal growth, '"''•^^'^''^i '^''

^^'^,

iNormaliy the large eggs in the ovary of E.
milherti are bright yellow; but white eggs, sug-

gesting some pathological condition, were found
a few times in the fall. "White eggs were noticed

less frequently in E^-miTberti, however, than in

EuJamia obscvra, Carcharhimus Jeucas, or Sphyma.
sp. In these last three species, white eggs
were noticed in exceptionally large sharks {E.
ohscura and Sphryna sp.) and deformed sharks

(lcu^a.'i).\ 'So excessively large deformed or

obviously diseased milherti were seen in ex-

aminations of many hundreds of adult fe-

males. Dead embryos were noted occasionally
but not frequently in E. milherti and these were

generally 10 to 15 inches long, that is, at about
tlie size at which the egg yolk would be com-  

pletely absorbed. The dead embryos sometimes '

ajipeared to be dehydrated but there was no
noticeable putrefactive decomposition. _

Number of young in litter
, ,

In an earlier publication (Springer, '1940),*' I

reported the collection of 13 litters of Eulamia

inillerti pups from Englewood, Fla. In this lot

59 were males and 63 were females. Another
series of 28 litters from the west coast of Florida

had 130 males and 130 females. A third series

of 24 litters from the east coast of Florida in-

cluded 116 males and 112 females. The number
of embryos in each litter varied from 1 to 14 but

the modal number was 10 and the average num-
ber was 9. '^? ,

The available data do not show an increase in

the number of young with increased size of the

mother as repozled for some other genera
(Backus et al., 1956). In Eulumia milberti,

however, the size range of adult females is not

great and such a correlation, if it exists, would
be difficult to demonstrate.

Species of Eiilamia taken in the Florida region
other than inilberti all frequently carry 10 em-

bryos to full term. The average number of em-

brj'os to the litter for these other species is less

than 9, which is the average litter number for

E. milherti. All of the other Florida species of

Eulamia are somewhat larger than milherti and

the largest species.
- Eidam,ia ohscura,

"

has the

smallest average number of embryos to the litter.

In E. ohscura, pups were often found only in one

of the oviducts. This suggests the possibility

that fertilization was effected only through one

.^viduct. Various other observations on the loca-

" tion and numbers of embryos in E. ohscura and

other Florida Eulamia lead to the conclusion

that the normal maximum [usual] number of

young in each species is 10 plus or minus 2, but

that actual numbers are progressively smaller the

larjjer the mother.

Length of young at birth

Consideration of all of the available data

places the time of birth from March to early

August and the size at birth from 17 to 25 inches.

The length at birth of 24 inches seems, however,

to be the best estimate for the young born in

northern Florida waters. Smaller young and a

somewhat later birth date may be characteristic

,- of the part of the population in cooler waters.

An estimate of (he gestation period based on

southern Florida specimens is 9 months with lim-

its of the estimate 8 to 12 months. Some varia-

tion might reasonably be expected to result from
ditl'erences in water temperature during devel-

opment.

( Aj~,'< I,,
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Table 5.—Embryos of Rulamia milberti, by size group and month, from females collected off the southeast coast of Florida
between Fort Pierce and Tortugas, 1946-49

Average Utter length
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thAtl\ milbn-ti Ai birtlreasonable to expect that E. mUbrrti at biith may
be somewliat smaller in the northern part of its

rang:e than in the southern part and that the

•rrowth rate in cooler waters is slower.

Abnormal embryos ^^^- ,,] \

In the lute spring of r,>42 {^collected at Salerno.

Fla., a series of ^uVirhia inilherti embryos of

both sexes and near full term which were ap-

parently perfect except for having the eyes on

the lower side of the snout, almost in contact

with one another and just posterior to the nos-

trils, and having no trace of an opening in the

skin for the mouth, although the jaw cartilages

were apparently normal. 'Pfie specimens were

pregwivfitLin formalHF%Trt dried put during the

following years and were discjlfded. Again in

I J9*46 similar embryos were collected, and a^out

/ half fi ibafrel were preserved; but all were lost in

* a -Wfrtlcane whidi destroyed^ a dock building.
^ No ab«ormal yoonfr-Were found m the rela-

tively Irffge series of litt«irs.£iamined^in 104$ and
J had iio later ojjportunity to see substantial

 mimbers of E. milherti embryos. All litter mates
exlillmed the same abnormal condition and were

remarkably uniform structurallj\ A very rough
estimate of the frequency of occurrence is one set

of abnormal young in .500 to 1.000 sets of ap-

parentl)' normal pups.

SEX RATIOS
^^

It was the general observation that landings
of adult Eulamia miJherti at Salerno were in the

ratio of 5 females to 1 male. A similar sex ratio

was estimated for Salerno landings of E. ohscwa
and for Bahama landings of ^^v'K.^spviMj'Ti.
A disproportionately large numter of female E.

ilorid(Mut were landed at Sa>rno but the records
do nqt furnish an adequate basis fop'an estiipiue.

An insufficient number of E. alfiina or E. npring-
eri were recorded for estimate. Murphy and
Nichols (1916) say that the commonest large
sharks in the waters about New York are the

gromid sharks (Carcharhmm), and also that
males of tliese fishes are rarely .seen but toward
midsummer many of the females enter our bays
where they give birth to their young. They
further stii,te that the cojinnonest ground shark
is Carcharhinus ntilbertii The only record sug-

gesting etjuality in the number of adults of the
sexes of E. milbet'tl is Captain Winkler's record

of the captuie of 26 males and 2.5 females off the

Caribbean coasts of Nicaragua and Costa Rica
in the fall. '

/ /

Data on the sex ratio in young E. milherti is

limited to a series of 203 young from 26 to 50

inches long collected by otter trawl in Februaiy
1958 off/N"oith (>rolin!v. Tli/re vy^re Ol^^tiales

and It^ fejuliles'in thii? collection.

Florida shark fishery records of carcharhinids

otlier than those of the genus Eulamia show local

segregation by .sex and size but in no other car-

charhinid nor in the hammerheads is there any
clear indication ft^onr'availa^e _r©eords from

Florida of/greivt imbalance m the sex ratios of

adults, y'
Tilt unavailability of male milherti to baited

hooks during the mating season maA' explain in

])art the smaller number of males in the landings.

However, beca/use Florida commercial shark fish-

ing after 1946 was carried on out to depths
greater than the maximum known depth range of

the fspecies, and because the males brought the

fishermen
a higher price than the females, it is

certain that there was no intentional selection of

females^^Tlie fishermen believed that the schools

of males, if found, were easier to catch in large
nunibers.- Females were far more abundant than

males in the deeper water catches made off the

Florida Keys in the late fall and early spring,
and a much greater abundance of females char-

acterized the winter catches on the west coast

of Florida.

It has already been shown that approxinuitely

equal numbers of male and female milherti are

born. The evidence that there are substantially
more females than males in the adult ]in]iulation

is very strong, if sui' information adecjuately
covers the geographical range of the species. Al-

though if is quite possible that segments of the

adult population have been entirely overlooked

in the offshore and midwater depths in the north-

ern jiart of its range, the shortage of males in the

population around .southeiii Florida is remark-
able.

There is some indirect evidence also of a short-

age of males in the breeding population. If the

females bear pups in alternate years. .50 percent
of the adult females wduld be expected to be

gravid in winter. I have previously reported

(Springer, 194(»
^uit tmly, ;i^qut ,1J pe^ceut ufjhe
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adult females taken in winter off Englewood, on

the west coast of Florida, were pravid. I saw

large numbers of E. miJherti in 1942 and again
iiovn 1946 through 1949 at Salerno, and my notes

include several estimates of the proportion of

gravid to nongravid adult females seen on the

dock. For the late-winter and early spring

periods, it was estimated that substantially less

than a third of the females were carrying pups.'
In n^ sani]ile of 399 adult females takeri' for

length-frequency data, apjuoximately 18 percent
were gravid.

Three interesting, if theoretical, explanations
are suggested to account for the apparent differ-

ences in the number of males and females in

milherti and in other Enlamia.

Tlie mating pattern appears to be particularly

dangerous to the males, since mating occurs when
the females are in a feeding cycle while the males

ai-e not. That is, during courtship males may nip
or slash to some extent but do not take large
bites. The females have no such inhibitions ex-

cept at the time the young are born, and fatal

accidents to males may be frequent during court-

ship. However, if this explanation is to be ac-

ceptable, some further speculation is needed to

suggest why Galeocerdo with a similar mating
pattern is not represented in the adult population

by a preponderance of females.

Geiser (1924) summarized a variety of reports

on the higher death rate for males in some mam-
mals, fishes, and invertebrates, and suggests that

there is a genetic basis for this in certain cases

wliere the possession of two sex chromosomes by
the females ensures a greater lonerevitv of

the female by "canceling out" possible mutations

in the x-chromosome, especially associated lethals.

while in the male there is no such "canceling
out."'

The third explanation is that the males occupy
wider geographical and vertical ranges than the

females, remain in the cooler parts of the ranges,
and exhibit a greater tendency to wander than

the females. Thus, greater numbers of males
than females are lost to the breeding population

by wandering and death in unfavorable environ-

ments.

Whatever the explanation for the unequal sex

ratio, the smaller number of males is not a suffi-

cient handicap to prevent E. milberti from being
one of the conunoner sharks.

GROWTH AND SIZE AT MATURITY
In Florida catches, adult male Eulamia mil-

herti average 4.2 inches shorter than the average
1 adult female and weigh 32 pounds less than the

,' average nongravid adult female. The smaller

size of the adult male is characteristic of all of

the western North Atlantic carcharhinids al-

though the size of males and females at birth is

approximately the same. For about 20 years I

maintained a clo.se watch oji landings of one

or more commercial vessels and saw \io mUherti

females longer than 92 inches and no males longer
than 89 inches among the thousands that were

examined. ^

The smallest sexually mature male in the ma-

terial examined was 71 inches and the smallest

sexually mature female was 72 inches in total

length. Sexual maturity in the male is easily

and {lositively determined because enlargement of

the testes to functional size is immediately fol-

lowed by the appearance of a ring of calcium at

the surface of the major clasper cartilage. This

ring is easily seen in cross section but since its

effect is to stiffen the segments of the clasper,

sectioning is unnecessary for positive determina-

tions. Determination of sexual maturity in fe-

male specimens where the specimens were non-

gravid or had no courtship scars was made by
examination of the ovary and -the oviducts. The

females were regarded as sexually immature if

none of the eggs in the ovary had l)egun to increase

in size and if the oviducts were smaller in diame-

ter than is characteristic of the ftilly contracted

ovi^ducts in females following jiarturition. It

may be noted in table 6 that, while at least 2

female milherti were mature at a length of 72

inches. 5 immature females of greater lenglh were

collected. Obviously the length at which the fe-

males may become sexually mature varies more

tlian 4 inches.

The left skew of the length-freiinency polygons

shown in figure .5 may be the result of any of sev-

eral variables including the length at wjiich

maturity is reached.

A total of 513 adult sandbar sharks was select-

ed from southeastern Florida catches for meas-

urement of total length and for comparison of
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Figure 5.—Length-frequency polygons for adult male and

female Eulamia milberti from southern Florida.

leno^h frequency with the length frequencies
of 76 sharks from off Fort Myers on the west

coast of Florida and of 51 sharks from the Carib-

bean coast of soutliern Nicaragua and northern

Costa Kica (table 6). To reduce bias, all sharks

of all species in any catcli were measured and

recorded or none were recorded. Selection was

affected by the scarcity of males. The compara-

tively large sample of fall females at Salerno had

to be measured to get any catches that included

males which rarely appeared there at that season.

In the sample taken from the lower east coast of

Florida, 10 sharks, o males and 5 females, were

found to be immature. These immature shark.s

were excluded from the calculations of mean

lengths of adults, but the sizes together with the

dates of capture are given in footnotes to table 6,

which shows the mean length of tlie sample lots.

By its migratoiy movements and its restriction

to limited nursery areas, the North American

population of E. milherti appears to be subject

to constant mixing. It does not seem reasonable

to expect a rigid segregation by area of origin of

those milberti mating off southern Florida. This

may be one factor in the apparent homogeneity
of the population.

In some of the other caicharhinids, environ-

mental or racial factors appear to affect the size

at which the species becomes mature. For ex-

ample, the average size of the bull shark. Car-

charhmus leiicas. from the A'icinity of Trinidad

is appreciably less than the average size of adults

of the same species from the Gulf of Mexico.

Important differences in tlie size at maturity as

well as the size at birth separate-tl*^ Texas and

southei-n Floi-ida ]>opulations of the little black-

Table 6.—Mean length, number measured, and length range of adult Eulamia milberti, by sex, area, and season of collection

(Lengths In inches; length range in samples in parentheses]
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tip sliark, Carcha/rhinus Umbahis, but whether

different species, subspecies, ov races^are involved

remains to be determined.

In the last week of February 1958, ij was able

to get evidence that the edge of the Continental

Shelf off the Cai'olinas is indeed an important

wintering ground for immature milherfi. A
series of 25 tows with a modified Number 41 otter

trawl made by the Bureau of Commercial Fish-

eries exploratory vessel Del-aware while I was

aboard took 203 immature m-ilherti between the

offings of Cape Hatteras and Cape Lookout. In

one tow in 52 fathoms, 197 milberfi from 27 to 43

inches long were taken and in tliree other tows at

depths of about 50 fathoms 4 milherfi were

picked up. Tows made at other depths from 20

to 250 fathoms failed to catch milbertl. The
water temperature at the bottom at this time was

about 64° F. in 50 fathoms, but temperatures were

appreciably cooler, about 57° F., in both 30

fathoms and 80 fathoms.

It is suggested tliat the 197 young milberti

taken in February 1958, were young of the year,

bom in the summer or early fall of 1957, and that

their average length of 34 inches represented

growth from birth of about 12 inches in approxi-

mately 7 months. However, if it is correct that

all of these young were born in 1957, some may
have grown as little as 5 inches and some more
than 20 inches. Such an irregular growth pat-
tern would help to explain some other facts of

the milherti life history, for example, the sea-

sonal differences in the vitamin-A potency of

adults taken by the shark fishery.

In January and February 1945, I obtained two

boatloads of sharks from O. E. Holley, an expert
shark fisherman at Fort Myers, Fla. Of the 133

sharks brought in, 73 were adult E. miiherti and

none of the female E. milberti were gravid. The
27 males in the sample ranged from 74 to 84

inches in total length (average, 79 inches) and

weighed from 94 to 130 pounds (average, 113.7

pounds). The 46 females ranged from 72 to 90

inches in length (average, 82.3 inches) and

weighed from 102 to 184 pounds (average, 145.1

pounds). The specimens were weighed and meas-

ured about 36 hours after capture and the stom-

achs of all of the sharks were empty or nearly

empty. Weight among sharks of the same length
varied considerably. Thus, three 78-inch males

weighed 94, 115, and 122 pounds, while eight 83-

inch females weighed 122, 127, 141, 142, 146, 148,

161, and 162 pounds, and six 78-inch females

weighed 102, 136, 147, 147, 154, and 164 pounds.

"Weights of livers, other viscera, fins, and eviscer-

ated carcasses were obtained, but unfortunately
when these weights were recorded they were tied

in solely with the
totf^l weight of each shark.

Analysis of the figures gives some indication that

liver weights in female E. milberti contributed

disproportionately to total weights. Livers of

males weighed from 7 to 14 pounds and livers of

females from 7.25 to 31 pounds. The average

weight of 40 livers from females was 18.5 pounds.
It would be convenient and would fit most of

the facts to assume that the growth of Eulamia
77vilherti is very rapid, but there is merely pre-

sumptive evidence for this. It is by no means the

only view that could be reasonably advanced and

it would be especially "weak for milberti for

which the immature part of the population is not

well known. Nevertheless, on the basis of little

real evidence I sugge.st that it is probable that

growth from birth to maturity takes about 2 years,

occasionally 1 year, rarely 3 yeare.

The length uniformity indicated in table 3 for

both male and female adult milberti from differ-

ent seasons would be expected from a species with

determinate growth. Predictable adult size in

jL-elatively narrow ranges also characterizes other

species of Exihimia. Negaprimi, and pei-haps Car-

charhiims. On the other hand, it is presumed
that some individuals of Prionace and Pterolami-

ops continue growing after maturity to reach

abnormally large sizes. Records of Galeocerdo

more than 14 feet long are not uncommon in tlie

literature and some of these records apparently

are reliable and I accept them as such. Never-

theless, I have seen more than a thousand large

Galeocerdo from the Florida-West Indian region

and have measured all of the exceptionally large

ones that I have seen. None were found to exceed

14 feet in total lengtli. Great increase beyond

the usual adult size has been noted, however, for

Sphyrna sp.. the great hammerhead. In my
sample of 52 adult females, 5 were much larger

than would be expected. If, as indicated by my
sample, the usual size for adult female great

hammerheads is 10 to 12 feet, the attainment of

approximately 15 feet by 10 percent of the lot
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precludes description of the growtii as deternii-

nato, at least for the fireat haimueriiead. One
iiidividiial. measured but not included in tlie

sample, was 18 feet lonjj. Although the continua-

tion of frrowth after maturity as a peculiarity of

tlie female api)arently does not obtain in E. mil-

mcrti. it is-,evidently,the pattern. in some species

of Sphi/rna.irr^'fi'rolannops, and occasionally in

;-•/<, V <- t.

FOOD AND FEEDING HABITS

Examination of stomachs of Eulamia milhertr

as a source of information on the ftfod of the

species has been disappointing. (Comparison of

the feeding habits of E. mUhcrti w^th the feeding
Wbits of other carclmrhinid species of the

FSoi'ida region, however, has provficl to be more

illuminating, vai'ious bits of evidence sliow that

Ej. m'ttUerti is a discriminating feeder; that it is a

bottom feeder; that it feeds on small bottom fish

and invertebrates rather than the larger ones;

that it prefers fresh fish to stale or decomposed
fish; that it ju'efers fish to porpoise meat or to

tlie flesli of domestic animals; and that its feed-

ing is remarkably successful in comparison with

some of its larger carcharhinid relatives.

A very large proportion of the sharks in com-
mercial landings were found to have empty stom-
achs. An obvious explanation for this is that

most of the sharks were examined after the pas-

sage of several hours when small and readily

digestible meals would presumably have been

completely hydrolized. Observations and exami-
nations of stomachs of sharks of many species
lias led me to the opinion that the larger species
find food less often than the small ones, and that ,

tiirough no choice of their own. large .sharks have
^4

empty stomachs more often than not. "^'^.^"^^-^i)
In the stomachs of EuTamm mUherti a few fish

remains, usually not identifiable as to species,

cepjialopods, and crustacean remains were found
from time to time. Goatfishes (Mullidae), snake
eels (Ophichthyidae), sea robins (Triglidae), and
cusk eels (Ophidiidae). wei'e among the types
most commonly found. A collection of 107 mU-
h< rti, all with fish, octopus, or crabs in their

stomachs was reported in an earliei- publication

(Springer, 1946). There were unusual circum-
stances about tliis catch, however, whicji suggest
tliat the large amount of food in the stomachs

resulted from the sharks being taken in an area

of localized upwelling that had stunned large
numbers of fish and bottom invertebrates. Very
few instances were noted in which shark remains

were found in milhertj stomachs and no evidence

was found that ithilberti connnonly fed on large
tuitles, porpoises, birds, ships' garbage, or sur-

face material recognized by the inclusion of

Sargassum weed or typical surface-dwelling
forms.

Some indication of the probable food prefer-
ences of E, miJberfi can be found in the experi-
ences of commercial fishermen. It was demon-
strated to the satisfaction of Florida shark fisher-

men that there were somewhat different require-
ments for bait depending on what species was

sought. It was also found that the increased cost

of very fresh bait, or bait frozen when fresh, was

fully justified by the improved catches. All of

the carcharhinid species of the Florida area, even

tliose frequently feeding on garbage, apparently

pi-efer fresh bait. The bait most universally ac-

cepted by all species was fresh fish and E. mil-

herti rarely was taken on any other bait. Some

species, notably EuJamia ohsciira and Galeocerdo,
took cut porpoise readily, and one species. Car-

cTi^rhiniis Jevras. occasionally j)referred pieces of

fresh sliark. Cut bait was found to be very much
better than the entire fish of any species. Prob-

ably the diffusioii of juices from cut bait was

greater than from fish in the round.

In the Salerno, Fla., area the best catches were

obtained by sets made in the late afternoon with

pickup of the lines starting the following morn-

ing as soon as there was sufficient light to locate

the buoys. The freshness of the bait may have

had some bearing on the appai'ent better fishing
at dusk and during the early part of the night.
(Pitches made during the early morning and

throngliout the day were not infrequeiit, how-
ever, and it seems probable that the early part
of the night is merely a period of increased feed-

ing activity- for Evlfimia mUherfi.

It is the c'onimon liabit of many .species of

sharks, including Eulamia milheiti. to nudge or

hit objects with their noses. I B.m^w<n\-Tift«*^

t^t- they do this to test the object for juices.

The edible i|uiiiities of tiie oJjject are thus deter-

mined by the shark tiirough sensory cryi)ts which

are widely dispersed over the skin of the head
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and body. These organs, which perform a func-

tion correspondinji to taste, have been described

in detail by Budker (1938). Under ordinary
circumstances the testing procedure is routine for

objects which are not moving or which are not

part of a series of similar-appearing objects, one

of which has already proved edible. The pro-
cedure may be omitted if there is competition for

food.

It seems improbable that the sensory crypts
of the head function in any other way than as

gustatory organs. To find suitable food or to

find an area having food in it, Eiilamia milberfi

as well as many other species depends on olfac-

tory organs. Experiments by Parker and Shel-

don (1913) with Mustelws canis probably outline

the general pattern of behavior of the cachar-

hinids in their search for food.

Carcharhinid sharks in general are opportun-
w ,

ists in feeding aBd_neeessarily-s©i-. Without spe-

/ cial techniques, developed in some species but not
**^ to my knowledge in Eidamia milherti^ sharks

are relatively ineffective at catching uninjured
fish in open water or even at finding such slow-

moving objects as crabs. The shark's ability to

exist on a I'egimen of feast and famine, imposed

by its ineptness in catching food at will, is prob-

ably made possible through its unique digestive

and fat-storage organs. A general outline o:f the

processes of digestion and fat storage by sharks

is beyond the scope of this report. It is pertinent
to point out that their digestion is rapid and

thorough, and that the shark's liver with its high

percentage of oil is a good index of its meta-

bolic well-being. The larger, fatter livers are

found in sharks in good condition while small

livers with little oil are frequently found in

sharks having severe injuries, sharks in obviously
[ poor condition, or in the males at the end of the

mating season.

The liver of adult E. mUherti typically repre-

sents between 10 and 15 percent of the animal's

total weight, rarely more than 18 percent and

rarely less tlian 6 percent. The proportional

weight of the liver in adult E. mMherti males is

lower than in females, but the liver weight of the

species is remarkably uniform in comparison with

larger species of carcharliinids within its geo-

graphical range. This is strong evidence that

E. miJhfrf} is successful in getting an adequate

supply of food regularly. Galeocerdo cuvier,

Carcharhinus leucas^ and Eulmnm ohscwra. all

species more than twice as heavy as milberti,

frequently have livers 25 percent or more of the

total weight of the fish. On the other hand, they
often have very small livers, as low as 3 percent
of the total weight. The inference is reasonable

that the larger species have greater difficulties

finding food, or more precisely, may have to wait

longer between meals. This inference from liver

weight also is consistent with the observation

that the foods of the larger species are frequently
of a less digestible type and may be taken as a

kind of desperation measure and certainly not as

a first choice. Galeocerdo, for example, fre-

quently fills its stomach with large horseshoe

crabs, huge horse conchs complete with shell,

or even old shoes and tin cans.

Because of commercial interest in the vitamin-

A content of shark-liver oils that existed for a

number of years, a large amount of data is to

be found in the literature on the subject. Also

available to me are data on the oil and vita-

min-A content of livers of E. milherti taken at

Salerno. Some determinations for Salerno spe-

cies were given in an earlier publication

(Springer and French, 1944). Better methods of

estimation of the vitamin-A concentration in liver

oils came into general use later, but these did not

appreciably alter the general trends observed.

The tendency in each species to an increase in

the vitamin-A concentration, or potency, of the

liver oil with the increase in size of that species

has been noted by many workei-s (Pugsley, 1939;

Brocklesby, 1941; Templeman, 1944; Ripley and

Bolomey, 1946, et cetera). The liver-oil vitamin-

A potency varies considerably. Each species and

locality produces sharks having potencies that are

approximately predictable. Characteristically,

in most species the males produce oil of some-

what higher vitamin-A potency than that of the

females, but they often have less oil in their

livers.

An hypothesis which has general support is

again advanced here that within a given species

and locality, the total amount of vitamin A in I

the liver of a shark is roughly proportional to
|

the age of the shark. Thus, the older the shark
|

the greater is the total amount of vitamin A
in its liver. The rate of increase in vitamin A
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mny rise sharply as the shark becomes sexually

mature but this does not affect tlie ceneral trend

in the total amount of vitamin A stored. Fluc-

tuations in the amounts of oil stored in the liver

may normally accompany such events as young

bearing, mating, and periods of poor feeding,

and these fluctuations apparently affect potency,
but the total amount of vitamin A is subject to

fluctuation to a lesser degree. It has been shown

for Galeorhinus zyopteiiis of the Pacific coast

(Ripley and Bolomey. 1946) that the total

amount of vitamin A in the largest males and

largest females does not greatly differ.

Livers of Squahis siiehlei/i of the Pacific coast

have a higher average vitamin-A potency than

livers of Sqiuilus acanthias of the Atlantic. The

two species are morphologically so similar that

taxonomists have had doubts about their separa-

tion. Concerning the differences in liver oil po-

tency. Templeman (1944) has the following com-

ment :

Whether the greater length of the mature Squalus

surklii reflects a greater age or a greater growth rate

than those of Squalus acanthias is not known, but this

greater size is possibly partly responsible for the higher
vltamin-A value of its liver oil.

The greater vitamin-A content of shark livers

does not always occur in the larger individuals

in a given species. For example, my own meas-

urements and assays show that 0. l-eucas off the

mouth of the Mississippi River average appre-

ciably longer and heavier than C. leucas taken

off the mouth of the Orinoco River; but the liver-

oil potency of the species from the vicinity of

the Mississippi River mouth is extremely low,
while that of the C. leiicas from the vicinity of

the Orinoco is high. These differences are quite

great and reasonably constant. Adult male f.

leucas from the Orinoco area have liver-oil po-
tencies above .50,000 I.U./gm. (international units

per gram uncorrected for irrelevant absorption),
while adult males from the Mississippi area gen-

erally have liver-oil potencies of 1,000 to .5.000

I.U./gm. Variation in liver-oil potency liy area

is perhaps greater in C. leucas than in most shark

species of the northwestern Atlantic, but the vari-

ation is appreciable in all .species.

A rough classification by regions of part of the

northwestern Atlantic on the basis of shark-liver

vitamin-A potency from data assembled by the

shark fishery is as follows:

Extremely low potencies
—Gulf of Mexico; low

potencies
—northern Bahamas and shallow-water

areas of the West Indies; intermediate potencies—Carolina coast, east coast of Florida, and coast

of Cuba; high potencies
—.southern Caribbean,

coast of Costa Rica to the Guiana coasts. To
a limited extent this classification is useful to

trace probable origins of elements of migratoi-y
stocks. Potency differences among liver oils taken

from single adult specimens of EuJamia milberti

were in the range from about 2,500 to 25,000

I.l"./gm. One exception was noted in that one

assaj' (the only one available) on mixed E. mil-

berti livers from the coast of Nicaragua-Costa
Rica was substantially higher, about 38,000 LIT./

gm.
If E. milberti from the coast of Nicaragua-

Costa Rica returned regularly to the species* At-

lantic population center from Florida northward,

some among the hundreds of livers of milberti

taken at Salerno, and assayed separately should

have had potencies greater than 38.000 I.U./gm.
None had such a high potency.
The average potency of oil from livers of Eu-

lamia milberti w'as found to be substantially

lower from the southwest coast of Florida tlian

from the southeast coast although the extremes

in individual potencies were about the same.

Since both stocks have a common origin from the

Atlantic coast north of Cape Canaveral we might
assume that the difference in averages results

from either the lower age of the adult milberti

reaching the west coast of Florida or a lower

rate of vitamin-A accumulation due to the period

spent in the Gulf of Mexico, or from both of

these.

The liver-oil potency of the eight adult female

E. milberti from the mouth of the Mississippi
River was higher and the total vitamin A from
these sharks was about the amount to be ex-

])erted from similar sharks taken on the east

coast of Florida. This potency would be ex-

l)ecte(l only if these sharks originate outside of

the Gulf of Mexico.

To the extent that data on vitamin-A potency
determinations have any validity for the deter-

mination of age or the areas of origin of migra-

tory stocks, they support the general conclusions
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that E. milhcvrti does not live to a great age and
tliat those individuals migrating a great distance

to the coast of Nicaragiia-Costa Rica do not re-

turn. .

ABUNDANCE

Tlie insliore range of tlie sandbar shark has

made this species readily available to tlie shark

fishery. This was particularly noticeable at Sa-

lerno, where the range is restricted by a narrow-

ing of the Continental Shelf and where special
conditions of current and temperature tend to

jiroduce a narrow path inshore for the south-

bound migrants. Approximately 58 percent of

the sliarks landed by the fishery at Salerno be-

tween 1938 and 1946 were sandbar sharks. Al-

tliough present throughout the year, they were

comjiaratively more frequent in Salerno catches

from December through July as shown by rec-

ords of the catch jier unit of effort (Springer,

.19.51). Except for winter fishing on the south-

west coast of Florida whicli produced a few

hundred E. milherti each winter, few sandbar

sharks were taken in the Gulf of Mexico.

It is estimated that during the period 1935 to

1950 from 5,000 to 15,000 sandbar sharks were

taken yearly fi-om the entire range of the fishery
and that these were nearly all adults with an

average weight of about 130 pounds. The yearly
catch might be estimated, therefore, as between

650,000 and 1,950,000 pounds, a small quantity

compared with yearly landings by the commer-
cial fishery of many species of bony fishes. Dur-

ing the years that the shark fishery operated, it

was prosecuted vigorously, and. although there

was no evidence that fishing pressure reduced tlie

stock of sandbar sharks, it was found that the

catch per unit of effort was reduced by concen-

trating too much gear in one area. Efforts to

expand production were successful chiefly by ex-

tension of the area of fishing into the ranges of

other species of sharks. A fluctuation in abimd-
ance with a low in every third year was found in

the catch per unit of effort at Salerno (Springer,

1951). _  

Although data are lacking to support such a

contention except observations at sea, it is esti-

mated that several other species of Eulamia. par-

ticularly E. -floridana. occur in substantially

greater species-mass around Florida than does E.

milherti, chiefly because of the greater area of

their habitats.

It is generally recognized that marine animal

populations are unstable and are subject to re-

markable changes in total numbers and occasional

shifts in geographical range. Such changes may,
of course, occur in the Atlantic population of

E. mUberti.

A concentration of E. milberti appeared for a

few days in the late spring or early summer of

1935 off Dog Keys Pass on the coast of Missis-

sippi. These sharks were not only out of their

normal range but behaved in a way that is not

normal for milherti or perhaps for any shark.

They struck at anything thrown into the water,

fought one another over pieces of charcoal, fought
so vigorously that some were killed and eaten

by others of the school. Sharks frequently fol-

low shrimp boats such as we were using at the

time, and churn tlie surface of the water after

scrap fish thrown overboard; but the intensity
of this attack by out-of-range milherti was much

stronger than any shark action I have seen since.

Although no great fluctuations were noted in

the general abundance of E. milherti during the

period from 1935 to 1950, its competitor, the bull

shark C. levcas. appeared once to go through a

major but temporary shift in abundance. In

1937 so many bull .sharks were caught off Salerno

that catches exceeded the demand. The company
buying siiark livers and oil was forced to delay

payments to fishermen for a period of several

months. This was not merely a matter of eco-

nomic adjustment to be settled by a reduction in

price but the supply of tanks and drums for

storage of liver oil was exhausted and a court

injunction was finally issued to stop all shark

landings because shark carcasses were accumulat-

ing along the shores. This was the 6nly known

a]ipearauce of bull sharks in large numbers on

the east coast of Florida. It seems likely that

persistence of great numbers of bull sharks, es-

pecially north of Cape Canaveral, would have

adversely affected tlie |)opidation of E. milherti.

ENEMIES

The principal predators on sharks are other

sharks of larger size. Wherever concentrations

of mixed sizes occur predation by the lai'ger

sharks on the smaller ones is normal. The con-
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centration of sharks occurring near the mouth of

tlie Mississippi River in the summer moutlis may
be as great as anj'where in the world. Some idea

of the predation that may occur is furnished by

the resuhs of one line of ISO shark hooks set on

the night of July 22, 1947, off Pass a TOutre, La.

This line caught 68 large sharks, whole and un-

damaged, but iO of the hooks had only the

heads of large sharks and 12 more had only

the heads of small sharks. Almost all of the

larger sharks on the line contained small sharks

or pieces of large ones. One tiger shark, Gat^o-

cerdo. had swallowed a medium-sized bull shark

which in turn had a major portion of a somewhat

smaller blacktip in its stomach. The blacktip,

however, had driven the head of a Mitstelu^ cants

al)out 4 feet long up the leader so it would be

reasonable to assume that the large tiger shark

was tlie fourth shark to be taken in that one

night on one hook. The bottom conditions,

depths, and temperatures where this line was set

appeared to be similar to conditions on milhcrfi

nursery grounds but predation would presumably
eliminate young 7niJberfi in the area.

Full-grown sandbar sharks probably are rarely

subject to successful shark attack by other spe-
cies. The tiger shark (Galeocerdo), dusky shark

{EuJamia ohscura), and bull shark (Carcharhinus

leucas), have all been found occasionally with

pieces of full-grown sandbar shark in tlieir stom-

achs, but the sandbar sharks may have been on
shark lines when attacked. Perhaps none of

these species are able to catch adult sandbar
sharks under ordinary circumstances. Great
white sharks, Carcharodon carchanas. have been
found with adult milberfi in their stomachs and
it is probable that the great white shark could

catch them. The white shark is not common
enough, however, to be an important factor in

predation. At Salerno, captures were about 27

great white sharks per 100,000 of all species.
All carcharhinids more than 6 feet long may

occasionally eat young E. m./'lherfi, but circum-

stances of seasonal and geographical distribution

keep most species from preying on them. There
are two notable exceptions: the tiger shark and
the bull sliaik. Tliese sharks feed on young
•sharks or on small species regularly, and both

may be found at times within the known range
of young inilbcrti.

Tiger sharks, perhaps for reasons of poor speed
and maneuverability associated with their smaller

and lighter weight fins, catch young siiarks less

frequentlj' than do bull sharks. Furthermore,

tiger sharks aie primarily nocturnal in forays
into inshore waters and at such times newborn

or small sharks retreat to shoaler water. On the

other liand, bull sharks are not exclusively noc-

turnal and thej' are more fi-equent in relatively

shallow water. Stomach contents show that they
are regularly predatory on small species such as

Carcharhinus acronohis, C. porosus, Scoliodon

terra-novae, and Apnonodon isodon. The bull

shark also is the only species in the range of

E. milberfi with a preference for shark as a

bait.

There is strong circumstantial evidence, derived

from an examination of the geographical ranges
and nursery-ground preferences of the various

species of Eidamia, that the bull shark is the

most important predator on j^oung sharks and

actually restricts the distribution of milberti. The
life history of the bull shark is similar to that

of species of Eulnmia. but the bull shark is al-

ways found in shallow water and its nursery

grounds are in bays or estuaries, even in brackish

and fresh water. The nursery range of the bull

sliark is shoaler and less saline than the nursery

range of milberti, but adult bull sharks inhabit

the depth and salinity range normal to nursery

grounds of milberti. Young bull sharks remain

in estuarine waters during the early growing
season, and since the females do not eat at the

time the young are born and generally move out

of the very shallow water immediately after the

birth of the young, the young bull sharks are

protected to some degree from predation by the

large members of their own species.

Bull sharks occur from Long Lsland southward
and are migratory but their centers of abundance
are in the (Julf of Mexico and southward, par-

ticularly near the mouths of large rivers. Along
the Atlantic coast north of Florida, bull sharks

are not common, but may be subject in this area

to great fluctuation in abundance. Bull sharks

are extremely common around the mouths of the

Mississippi and Orinoco Rivers and between these

points along the inshore Continental Shelf. There

is practically no information about tlieir occur-

rence in the West Indies.
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No Eidamia except miJhert'i is known to have

nursery grounds within the geographical and

liabitat range of the bull shark. The nursery

ranges of E. altima and E. ohscura are well off-

shore in deeper water, E. floridana nursery

grounds are on otfshore banks where bull sharks

do not go, and bull sharks are uncommon at

least, or normally absent around reefs which are

nursery grounds for springer!. The sugges-
tion is advanced here that predation by the bull

shark is the chief reason, and perhaps the only

reason, for the scarcity of E. mUhert'i in the Gulf

of Mexico and southward in continental waters.

The comparatively few bull sharks of the Atlan-

tic coast may be presumed to act as a check on

the numbers of young E. milberfi, but without

disastrous effects for that species.

Some interesting complications are associated

with predation of large sharks upon smaller ones.

Evidently all carcharhinid sharks will eat other

sharks sometimes if not regularly. However, it

is a shark fisherman's axiom that sharks left on

the line to spoil will burn out tlie fishing groiuids
and make it necessary to move away 5 miles or

so to continue fishing. A rationale has been

partly outlined in an earlier publication

(Springer, 1954) covering experiments with Mi/s-

tehix in tanks. Feeding of Mvsfelufi was entirely

inhibited in the presence of shark flesh that had

been allowed to stand at room temperature for

4 days.

Presumably sharks have no difficulty digesting
sjiark flesh jirovided it is fresh. Although sharks

appear to be able to digest the partially decom-

posed flesh of other vertebrates, their digestive

processes are slowed or stopped completely wlien

tliey swallow large quantities of decomposing
sharks or rays.

The flesh of sharks becomes strongly alkaline

during decomposition. The continuous liberation

of ammonia through action of enzymes produced

during the coui'se of ordinary putrefactive de-

composition on the urea that normally occuis in

sharks (see Smith, 19.36). seems effectively to

block, or at least to greatly retard, digestion.

The proteolytic enzymes of the shark's stomach
are most active in an acid medium (Sprissler,

1942). In my examinations of juices of shark

stomachs in the field, estimates were made of the

hydrogen-ion concentration, as .shown by indica-

tor solutions. Juices from shark stomachs that

contained large amounts of shark flesh in obvi-

ously decomposing condition were found to be

substantially above pH 8.0, whereas juices from

shark stomachs containing fish, turtles, birds, or

small amounts of fi'esh shark were estimated at

pll 4.0 or below. It is not clear whether ex-

cessively large meals of decomposed shark flesh

produce any result more serious than delayed

digestion.

I have not seen evidence that internal parasites

e\'er greatly damage Eulmnm milberti. Round-
worms in the stomach, roundworms and adult

tapeworms in the scroll-type intestine, and cope-

pods on the gills and external surfaces were

commonly seen. In comparison with other large

Florida sharks, mUherti seemed to be the least

troubled by parasites. Occasionallj% sharks taken

from lines apparently set in areas of extraordin-

ary abundance of a small isopod were found to

have a large proportion of the viscera eaten away
by swarms of the isopods. which had entered the

body cavity by way of the soft parts around

the anus. It has been assumed that these iso-

pods attack successfully only after the sliarks

die on the lines or at least have been restricted

in movement. Similar isopods attack living small

fishes and man (Springer. 19.57) and it seems

quite possible that they may also attack living

sharks. If they successfully attack living sharks

they may be one of the principal enemies of

sharks in temperate and tropical waters of shal-

low and moderate depth. I have seen evidence

of their work on shark catches made off Sovith

Carolina, Florida, Louisiana, Cuba, and southern

California.

SUMMARY
The overlapping geographical and habitat

ranges and superficial resemblance of Eulamia

milberti. the sandbar shark, and Carcharhinus

leu-cas^ the bull shark, have led to some confu-

sion and a tangled nomenclature. The recogni-

tion of milberti of Miiller and Henle as the spe-

cies name for the sandbar shark is based on the

opinion that pJvmbevs of Nardo is a vometi

nudem.

The sandbar shark differs from the bull shark

in the structure and spacing of the dermal denti-

cles, in having a ridge in the skin of the back

between the first and second dorsal fins, and in
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tlie smaller size and less robust body form. The

sandbar shark swimming in the open sea or in

an exhibition tank may be distinguished readily

from the bull sliark because of its comparatively

more erect and higher first dorsal fin placed

slijihtly further forward, its somewhat larger eye.

its somewliat longer snout, and its generally less

robust body form.

Altiiough the sandbar shark inhabits both the

eastern and westeiii ])arts of the Atlantic, this

report concerns only one population of the spe-

cies centered along the southeastern coast of the

United States.

Species of the genus Eulamia usually are sharks

of the continental shelves, oceanic banks, and

island terraces throughout their life cycles in

contrast to most species of Carcharhinus, which

are typically shallow-water forms having their

nursery grounds in brackish or fresh-water estu-

aries, river mouths, or along continental beaches,

or in island lagoons. Euhimia milberti occupies

the shoalest habitat range of the 5 or 6 species of

Eulamia of the Atlantic coa.st of North America

and enters estuaries to some extent to give birth

to its young. Its habitat preference may thus

be said to be intermediate between that typical
of Eulainia and that typical of Carcharhiniis.

The sandbar shark is clearh' separable from all

other species within its geographical range and
exhibits little variation in form and in tooth

count.

The sandbar shark. Eulmnia miJherti. is found
in waters of suitable depth, southward from Cape
Cod along the Atlantic coast. It occurs in the

Gulf of Mexico and along the Caribbean coast

of Central America to Costa Rica. It occurs

casually off the northern coast of Cuba and along
the western edges of the Bahama Bank, but jirin-

cipal elements of the population are confined to

tlie western side of the Gulf Stream. Sandbar
siiarks occur as bottom dwellers out to depths of

100 fathoms (extreme record 135 fathoms) and

nuiy occasionally move out in midwater to oceanic-

situations. The principal part of the range of

adults, away from the nursery grounds, has been

shown by commercial catches to be in depths of

10 to .30 fathoms.

The sandbar shark populations of the northern

and westein jiarts of the (hilf of Mexico and the

Caribbean coast of Centi'al America are small

and are probably not self-sustaining without re-

cruitment from the main population by migra-

tory wandering or failure of such orientation

mechanisms as the species may po.ssess.

The primary nursery range lies in shallow

coastal waters of less than 20 fathoms from

Cape Cod. Mass., to Cape Canaveral, Fla.; and

a secondary nursery range lies in the Gulf of

Mexico west of Mobile Bay and north of the

28th parallel. Newborn sandbar sharks are not

known outside the general geographical limits of

the nursery ranges, but the young sharks uiove

offshore to deeper (and warmer) water during
the winter.

The species is migratoiy with annual move-

ments of some segments of the population ex-

tending at least 600 miles. Sandbar sharks in

migratory passage around the southern tip of

Florida hold to depths of 50 fathoms or more

in apparent avoidance of coral reef areas. Their

vertical distribution in the southern part of the

species* geographical range, however, is some-

what deeper than in the northern part, suggest-

ing thermal influence in the selection of habitat.

There is reason to believe that female sandbar

sharks are inhibited from feeding at the time of

birth of the young and for a short time there-

after. Nursery grounds are away from the nor-

mal range of the males thus giving additional

protection to newborn young. Feeding appears to

be inhibited in male sandbar sharks during peri-

ods of active courtship.

Young of nearly uniform size, numbering from

1 to 1-i in each litter, are born in early summer

(probably also in late spring) off northern Flori-

da. The average number in a litter is 9 and

the modal number 10. The gestation period is

from 8 to 12 months' duration, with 9 months

estimated in the latitude of northern Florida.

Both oviducts ai'e functional, a single embryo de-

velops in each shell membrane, aiul a pseudopla-

centa with a simple stalk (yolk-sac attachment)

forms.

Length at birth is apjn'oximately 24 to 25

inches in the latitude of northern Florida but

may be less in higher latitudes. Young born

in the vicinity of Long Island. N. Y.. have been

i-ejioi-ted to be 22 to 23 inches long at birth, and

even smaller young have been reported from

Chesajieake Bay.
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Although approximately equal numbers of

males and females are born, catches indicate a

much larger proportion of adult females than

adult males except off the coast of Nicaragua.
Females produce young no oftener than every

other year, but since only about 18 percent of

the adult females taken in the fishery were found

to be gravid, this apparent low productivity may
be the result of the low proportion of males in

the adult population.
In samples from Florida, adult males are from

71 to 89 inches in total length and adult females

from 72 to 92 inches. Average weights of adults

in samples from southern Florida are for males,
114 pounds, and for nongravid females, 145

pounds.
The mean length and length-frequency distri-

bution (size range) by sex in catches believed to

have been made from single large schools closely

approximated the mean length and size range by
sex of all adults of the species from southern

Florida. No appreciable difference was noted in

mean lengths and size ranges of adults in sam-

ples taken at various seasons on the east coast of

Florida, the west coast of Florida, and the Carib-

bean coast of Nicaragua and Costa Rica except
the constant difference of about 4.2 inches be-

tween average lengths of adult males and adult

females. Differences in the average lengths of

gravid and nongravid females were small.

The rate of growth is not known. Indirect

evidence indicates that it may be very rapid until

sexual maturity is reached, after which little

growth occurs.

The sandbar shark feeds chiefly on small bot-

tom-dwelling fishes, moUusks, and crustaceans.

It rarely swallows indigestible materials. Uni-

formly plump livers suggest that mUberti has little

difficulty in meeting its requirements for food.

From commercial catches it is estimated that

the population is small in species mass as com-

pared with many teleosts.

The only important predators on sharks are

other sharks and not necessarily sharks of other

species. Full-grown sandbar sharks, unless in-

jured or caught on a shark line, appear rarely
to be eaten by other sharks. Young sandbar

sharks are e.specially vulnerable to attack by

large sharks, particularly by bull sharks, but

also to a lesser extent by tiger sharks, dusky
sharks, and full-grown sharks of tlieir own

species.
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ABSTRACT

Growth of bluefin tuna Thunnus thynmis (Linnaeus) based on specimens

captured mostly in the Cape Cod and Long Island areas was studied by count-

ing annuli on scales and vertebrae and by analyzing length-frequency data.

Similar results obtained by these two methods support their validity for ages
0-4. Older ages were determined by counting annuli only, but tag returns

and weight-frequency data afford some corroboration for ages 5-7. Growth
is believed to be extremely rapid during the first summer and about four-

fifths of an inch per month in the first winter. During the next Syi years,

bluefin tuna grow at a rate of about IM inches per month in summer and about

one-third of an inch per month in winter, or about 7 inches per year. Tables

of estimated sizes for each month of the first 5 years of life, and at midsummer

through the age of 10 years, are presented. The growth rate appears to decline

gradually to about 4 inches per year in this range. Only slight differences

were found between the sizes and growth rates of fish of the same age taken in

different years.



GROWTH OF BLUEFIN TUNA OF THE WESTERN NORTH ATLANTIC
By Frank J. Mather III and Howard A. Schuck

Information on the growth of bluefin tuna

{Thunnus thynnufi) of the western North Athintic

Ocean is incomplete, and limited to the smaller

sizes for which age-with-length studies are pub-
lished (Westman and Gilbert, 1941; Westman and

Neville, 1942). Only fragmentary data are avail-

able on specimens longer than 46 inches. As a

result of the growing interest in bluefin tuna by

sport and commercial fishermen, we began a co-

operative project, in 1950, to accumulate material

for an age-determination study of the bluefin

throughout its entire size range. The present

paper is an account of our interpretation of this

material to date.

In the preparation of this paper, we received

valuable advice from Dr. Lionel A. Walford of the

U.S. Bureau of Commercial Fisheries, and Dr.

Henry B. Bigelow and Dr. William C. Schroeder,
both of the Woods Hole Oceanographic Institution

and Harvard University. Dr. James R. Westman
of Rutgers University made available to us his

extensive data on bluefin tuna. Other material

was collected and measurements were obtained

through the kindness of several Cape Cod com-
mercial fishermen, notably Capts. John Vetorino,
Adam Rupkus, Mike Goulart, and Nathaniel

Wixon of Barnstable; also John A. Worthington of

North Truro, Joseph Francis and Stuart Joseph of

Provincetown, as well as through the cooperation
of many sport fishermen and charter boat captains.

Many of the length measurements were made by
Frank Riley of the U.S. Bureau of Conunercial

Fisheries at Provincetown, Mass. Several other

people contributed length measurements as noted

in the frequency tables. Assistance in obtaining
and processing data and in preparing this paper
was received from members of the U.S. Bureau of

Commercial Fisheries at Woods Hole, including
I Regression formula with a correlation coefficient of 0.997 computed from

155 specimens, 29 to 270 centimeters long, where X is fork length, Y is caudal

spread—Log X=O.7271+0.8642 Log Y.
Note.— Frank J. Mather HI. Woods Hole Oceanographic Institution,

Woods Hole, Miiss.; Howurd A. Schuck, Alaskan Air Command, Anchorage,
Ahiska, formerly fishery biologist, U.S. Bureau of Commercial Fisheries,
Woods Hole, Mass.
This project was supported in part by grants from the National Science

Foundation.

Approved for publication March 11, 1960. Fishery Bulletin 179,

Donald M. Allen who worked 4 years on this study,
also from several members of the Woods Hole

Oceanographic Institution. Their assistance is

gratefully acknowledged.

READINGS OF ANNULI

As in other species of fishes, including several

other tunas, annuli are formed on the scales, and

also on the centra of the vertebrae (Sella, 1929;

Aikawa and Kato, 1938; Westman and Gilbert,

1941; Westman and Neville, 1942; Partlo, 1955).

Because these annuli are not consistently distinct

in either of these two structures, and for other

reasons which will be explained later in the text,

we examined both. In the beginning we assumed

that the annuli which we counted were formed once

each year and therefore indicated the age in

years. For verification of this assumption we

depend on the internal evidence furnished by our

material, including consistency of the age de-

terminations with analysis of length-frequency
data.

Most of our data are from fish caught in the

vicinity of Cape Cod in pound nets or by hook and

line. We took scales or vertebrae (or both) from

as many specimens as time and opportunity per-

mitted. There was rarely any difficulty in obtain-

ing scales from fishermen's catches. This was less

true for vertebrae, for frequentlj- we were per-
mitted to take them only from the tail, which is

usually cut ofF in dressing the fish. Owing to

unfavorable working conditions, it was not always
possible to measure the fish from which the tails

were cut. In such cases, we estimated the length
from a regression of fork length against caudal

spread
'

or, if the weight of the fish could be ob-

tained, from a length-weight curve based on 778

specimens from 34 to 270 centimeters long.
We prepared celluloid impressions of the scales

(Arnold, 1951), and studied them with the aid of

a magnifying projector. Figure 1 shows the annuli,
zones of crowding, or discontinuity of the circuli,

which research workers consider to be formed

annually. We also counted the rings on the centra

of the vertebrae (fig. 2). These rings were marked

39
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Figure 1.— Projected impressions of scales of bluefin tuna. Arrows indicate annuli. A. Scale from fish 34 cm. long
taken off Martha's Vineyard, September 1952; no annulus. B. Scale from fish 60 cm. long taken oflf Martha's

Vineyard, July 1950; 1 annulus. C. Scale from fish 80 cm. long taken off Martha's Vineyard, August 1952; 2

annuli. D. Scale from fish 104 cm. long taken off Cape Cod, October 1950; 3 annuli.



GROWTH OF BLUEFIN TUNA 41
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Figure 2.—-Centra of vertebrae of bluefin tuna. Arrows indicate annuli. A. Vertebra from fish 77.5 em. long taken off

Martha's Vineyard, August 1951
;
2 annuli. B. Drawing of stained vertebra from a fish 104 cm. long, taken off Cape

Cod, October 1950; 3 anmili. Scale in figure 1 D is from the same fish. (Reproduced from fialtsoff (1952) by permis-
sion of the author and publishers.) C. Stained vertebra of fish 110 centimeters long taken off Cape Cod, October

1950; 4 annuli. D. Vertebra of giant tuna taken off Cape Cod; about 11 annuli. Annuli beyond the 9th or 10th are

usually small and indistinct and disappear soon after dissection. (A, C, and D, unrelouched.)
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Table 1.—Fork lengths (in cm.) of bluefin tuna taken in the vicinity of Cape Cod, for each number of annuli

INumbers In parentheses estimated from regression of length on caudal spread or on weight]
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saiiic iiH'thoil ill coiijunctiuii with counts of

vertebral rings in studying tlic growth of western

Pacific tunas, as did Partio (1955) for northeastern

Pacific albacore. Westnian and Gilbert (1941)

and Westnian and Neville (1942) used the method

in conjunction with scale studies for bluefin tuna

taken off Long Island, X.Y.

We have based our size-frequency study on

lengths rather than on weights, as we believe

tluit, for fish of a given age, lengths are subject

to smaller and more regular variations. Because

we lack sufficient data on the large sizes, we have

Table 3.—Length frequencies of bluejin tuna from iO.H

to 56.5 inches long taken off Long Island ' in 1941 ii^d

off Kew England
- in 1950-57 from late June to mid-

October
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Table 4.—Lengths of bluefin tuna less than 20 inches long,

with dates and localities of capture and sources—Continued

Date

Sept. 6, 1963



FORK LENGTH-INCHES

Figure 4.—Frequency distribution by 1-inch groups of

lengths of bluefin tuna taken July 1-15, by years. The
1953 sample includes 102 fish measured June 28-30.
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FifiiTRE 5.—Frequency distribution by 1-inch groups of

lengths of bluefin tuna taken July 16-31, by years.

Figure 6.—Frequency distribution by 1-inch groups of

lengths of bluefin tuna taken August 1-16, by years.

year is supported by tlie fact that no annuli are

found on scales and vertebrae of fisli of this size.

Moreover, it is in accord with the conclusions of

Sella (1929) and others studying the European
bluefin tuna, which were officially accepted by the

International Council for Exploration of tlie Sea in

1932 at Malaga (Conseil International pour I'Ex-

ploration de la Mer, 1933), and witli tliose reached

by Westman and Gilbert (1941), Westman and

Neville (1942), and by Rivas (1954), for bluefin

taken ofi' New York and Miami, Fla. It is sup-

ported by our failure in all our observations, in-

quiries, and searching of literature and records,

to find any evidence that a smaller size group
exists. We conclude therefor that tuna in the

second size group (corresponding to fish with 1

animlus) are 1 year old; in the third size group

(2 annuli) are 2 j'ears old; and so on through 4

\
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Figure 7.—Frequency distribution by 1-inch groups of

lengths of bluefin tuna taken August 17-31, by years.

years. Although length data on older ages are

not sufficient for analysis, we believe that counts

of annuli are useful for estimating the age of

older fish despite the decreasing reliability of

readings with increasing age.

We find also that the analysis of length-fre-

quency curves is consistent with age determina-

tions h\ counts of annuli on scales and vertebrae.

Such discrepancies as exist probably result from

the fact that the samples for age readings were

smaller and less uniformly distributed through the

seasons than were those taken for length measure-

ments. For example, most of our samples for

counts of annuli of 3-year-olds were collected in

early summer or fall rather than in midsummer.
Even so, correspondence in conclusions reached

from the two kinds of data is close.

20 30 40

FORK LENGTH-INCHES

50

Figure 8.—Frequency distribution by 1-inch groups of

lengths of bluefin tuna taken September 1-15, by years.

20 30 40

FORK LENGTH-INCHES

Figure 9.—Frequency distribution by 1-inch groups of

lengths of bluefin tuna taken September 16-30, by years.

Weight frequencies of landings of medium-

sized bluefin tuna in Cape Cod Bay and Nova

Scotia in the years 1948-51 (fig. 13) show a ten-

dency for modal weights to coincide with sizes

determined by counts of annuli for ages 5-7.

Most clear cut cases are the 5-year-olds in Cape
Cod Bay and 6-year-olds in Nova Scotia in 1948,
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20 30 40
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Figure 10.—Frequency distribution by 1-inch groups of

lengths of bluefin tuna taken October 1-18, by years.

and the 6-year-olds in Nova Scotia in 1949.

Split modes show a preponderance of 7-year-olds

in both areas in 1950, suggesting the progression

of the year class of 1943 through the Cape Cod

Bay fishery 1948-50 and the Nova Scotia fishery

1949-50.

Two successful tagging experiments with bluefin

tuna yielded approximate data on their actual

growth. One fish, tagged off Cape Cod, Mass.,

July 27, 1954, was recaptured by French fisher-

men in the Bay of Biscay August 16, 1959. When

tagged, the fish measured 72.5 cm., and its weight
when recaptured was reported as approximately
65-70 kilograms (143-154 pounds equivalent to

about 150-154 cm.). These sizes are near the

lower limits for ages 2 and 7, respectively, from

table 1. The other was tagged August 11, 1957,

off Chatham, Mass., and recaptured August 30,

1959, off Gloucester, Mass. Its weight when

tagged was estimated as 65 pounds (equivalent to

about 114 cm.) by an experienced fisherman, and

it weighed 130 pounds (equivalent to about 150

cm.) when recaptured. These lengths are in good

agreement with those listed in table 1 for ages 4

and 6, respectively. Hence the results of these

experiments are in reasonable agreement with our

age determinations by counts of annuli.

GROWTH OF YOUNG BLUEFIN TUNA

As length measurements are several times as

numerous as counts of annuli, and permit us to

trace growth during each summer as well as from

year to year, we shall base our discussion of

growtli of young tuna on length frequency
analvsis.

10 20 30 40
FORK LENGTH-INCHES

Figure 11.—Frequency distribution by 1-inch groups of

lengths of bluefin tuna taken in 1941 off Long Island

and in 1950-57, mostly off Xew England, by periods.

Three very small tuna taken off New Jersey in 1938-40

are also included.

Table 5 lists the average lengths of the fish in

each age group of fish more than 20 inches long,

as demarcated by vertical lines in figures 4-11.

It identifies year classes and also shows average

lengths for all years combined. We plotted these

lengths by periods in figure 14 and fitted curves to

them empirically, taking into account the number
of measurements represented by each point, ex-

cept in 2 or 3 where tlie preponderant samples
were not, in our opinion, composed of average-
sized fish.
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Figure 12.—Frequency distribution by 1-inch groups of

lengtiis of bluefin tuna for age groups 0-IV as deter-

mined by length frequencies (solid lines) and by counts

of annuli (dotted lines).

The fish less than 20 inches long listed in table 4

obviously form a distinct age group. Figure 15

shows the averages of these measurements with a

curve drawn by inspection to fit the points and

also to fit in with the curve for 1-year-olds from

figure 14. Although our unpublished studies of

the distribution of the bluefin tuna indicate that

all these fish belong to one population, samples
from different areas have been designated by
different symbols. Figure 16 shows a curve of

estimated growth of bluefin tuna for the first

4}i years of life, and table 6 lists the average sizes

at the middle of each month, as indicated by
this curve.

Figure 16 indicates extremely rapid initial growth
and distinct seasonal variations in growth rate.

Bluefin tuna spawn during an undefined period in

spring (Rivas, 1954; Bullis and Mather, 1956).

Assuming, as we did in drawing figure 16, that

hatching occurs in mid-May, the young may
grow at a rate of nearly 6 inches per month to

reach a size of 8)^ inches by July 1. In the

ensuing discussion, however, we shall consider

July 1 as the date of birth and shall refer to the

period July 1-October 16 as "summer" and the

remainder of the year as "winter." The growth
rate diminishes rapidly during the first summer,
but the average rate is estimated at 2 inches per
month. The rate continues to decrease during
most of the first winter, averaging about four-

70 100 200 270

WEIGHT-POUNDS

Figure 13.—Weight frequencies by 10-pound groups of

bluefin tuna from 70 to 270 pounds, taken in Cape Cod

Bay and ofT Nova Scotia in 1948-51, by years.

fifths of an inch per month. For the remainder

of the period studied, ages 1-4, the growth rate

does not change greatly with age, averaging about

iy2 inches per month in summer and about one-

third of an inch per month in winter.

ESTIMATED ANNUAL GROWTH OF BLUE-
FIN TUNA THROUGH 10 YEARS

The average sizes at each age, determined by

length frequency analysis for ages 0-4, and by

counts of annuli for older ages, are plotted in figure

17. The curve shown was derived graphically,

starting from the point for 3-year-olds, from the
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Wiilford (1946) transformation of our data. As

we found it possible to read only a small percent-

age of the material available for ages beyond 10

years, we luive drawn the curve to that point only.

Average sizes at mid-summer for bluefin tuna of

ages 0-1 as indicated by this curve are listed in

table 7.

3 40-

FiGURE 14.—Average length.s of bluefin tuna by age

groups as indicated in figures 4 to 11. Curves were fitted

empirically. The numbers of fish in the samples for

all years combined are indicated. Samples consisting

of less than 5 fish were not shown.

CONCLUSIONS

Our results through the fifth summer of life for

bluefin tuna taken off New England are substan-

tially in agreement with those of Westman and
Neville (1942) for fish taken off Long Island.

Our study of the growth of these young tunas,

however, was based on a nmch larger sample,

NEW JERSEY- C»«*E COO

MARVLAND-CAROLINAS
MIAUI AflEA

GULF OF UEIICO

I AUGUST [sEPTEweml oc'obew
| tovcwetHf ptcExatw I .lainjaB* \

30 £

-25 I
Z
Ul

- 20 o

I
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5

Figure 15.—Lengths of bluefin tuna less than 20 inches

long (young of the year), from table 4. The curve of

estimated growth was fitted by inspection.

AGES AND SEASONS

„, 4 „,.

iO -  1  
li i2 ; li i 3; Ij ; 4:1!

MONTHS ANO YEARS

Figure 16.—Estimated growth of young bluefin tuna.

Broken lines indicate estimated lengths in periods for

which data are lacking. The upper scale shows ages

and seasons as assumed in the text, and the lower scale

shows ages assuming that hatching occurs at mid- May.

and the sampling was spread over several years
rather than 1 year. Differences in growth be-

tween year classes were found to be slight and the

results of the analysis of the composite sample
are believed to approximate the average encount-

ered in nature. Although it was not possible to

fully verify the readings of annuli for older fish

by the analysis of size frequencies, and difficulties

in reading the annuli increased with their number,
we have exlendcd our (let(>rminations to consider-

ably older ages than lias previously been done for

western Atlantic bluefin tuna.
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Table 5.—Average lengths of biuefin tuna, in each age group as indicated in figures 4 to 11, listed by ages, years of
measurement, and year classes
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ABSTRACT

The relation between mideye-fork length and number of eggs for red salmon at Brooks

Lake (1957-58) and Karluk Lake (1958) is established. A review of available literature

on fecundity at Karluk Lake indicates that there may have been a long-term decrease

in the size of females and correspondingly in the average number of eggs per female.

Annual variations in age composition by life-history categories and in sex ratios

affect the number of eggs available for deixtsition. Analyses of Karluk Lake red salmon

stocks show a relation between the ocean age and size of fish and their fecundity, those

fish of a greater length of ocean residence and size having the largest number of eggs.

Since a distinctive seasonal pattern in the occurrence of life-history categories and related

sex ratios exists, it is theorized that the commercial fishery could be so concentrated as

to deplete that i>ortion of the run of highest egg production potential.



FECUNDITY OF RED SALMON AT BROOKS AND KARLUK LAKES, ALASKA

BY WILBUR L. HARTNIAN AND CHARLES Y. CONKLE, Fishery Research Biologists

Bureau of Commercial Fisheries

Fecundity of red salmon, Onrarhynchus n^rka

(Walbiuiin), was studied at Brooks and Karluk

Lakes, Alaska, for use in estimating the repro-

ductive potential of spawning stocks. Eepro-
ductive potential is defined here as the total

number of eggs available for seeding in a partic-

ular spa^Tiing population. Such information

Lake by way of Shelikof Strait, and Karluk Kiver

(fig. 1). The Bureau of Commercial Fisheries

maintains research stations at both lakes to investi-

gate factors responsible for fluctuations in the

abundance of salmon runs that have occurred in

these areas (U.S. Fish and "Wildlife Service,

1958). Certain specific problems ditfer between

p I I I

I
I ^ii^

50 100 Mi

FiGUUE 1.—Brooks and Karluk Lakes in western Alaska.

forms the basis for determining sui-vival rates of

red salmon during various life-liistory stages in

fresh water.

Adult red salmon enter Brooks Lake by way of

Bristol Bay and Xaknek I\iver, and enter Karluk

N' il:. Ai.prciv.'il fur puWlOiition, .Ian. l;!, IDCIl.

Itiilli-tin ISO.

552701—60

the lakes, but all research is integrated info a

broad study of the physical, chemical, and bio-

logical facfore aft'ecting the fresh-water survival

of red salmon.

I\ed salmon were sampled from spawning mi-

grations into Brooks Lake in I!).")" and 1958, and
into Karluk Lake in in5s. Karlier data are avail-

53
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able for Karluk Lake and are used for comparison
in the discussion that follows.

We wish to express our thanks to Allen IMc-

Cready, William Pogue, and Patrick Tomlinson

for aid in developing and conducting field opera-

tions, and to Theodore R. Merrell and John B.

Owen of the Bureau of Connnercial Fislieries, for

reviewing the manuscript.

COLLECTION AND TREATMENT
OF MATERIALS

Ovaries used in these studies were obtained

from females trapped at adult innnigration sites

at both lakes. They were taken throughout the

season and over the size range of females in the

stocks. A few females killed during beach-sein-

ing and gill-netting operations in Brooks Lake

were also used. Only females not fully ripe were

examined. This reduced the possibility of includ-

ing partially spawned females.

Both ovaries were removed intact and placed
in 20-percent formalin. An identification tag was

attached to the right ovai-y to distinguish it from

the left. After hardening for at least 48 hours,

ovaries were removed from the formahn and tlior-

oughly washed in water. The eggs were stripped
from the ovarian tissue by hand and also thor-

oughly washed in water. Total numbers of eggs
were counted in each ovary of each female

sampled at both lakes. A mechanical hand tally

was used.

Sampling niethods involving volume or weight
were experimented with at Brooks Lake in 1958.

The most reliable method was to extract 3 ran-

dom 100-egg samples from each gonad and esti-

mate the total count from the average count-

weiglit relation of the selected samples. Fecundity
was usually estimated within 2 percent of the

actual count. This method is sufficiently accu-

rate and should be considered where extensive

fecundity studies are scheduled.

RELATION BETWEEN SIZE OF FISH
AND FECUNDITY

A relation exists between the size of fish and
the number of eggs in the body cavity. Bicker

(1932) shows that the relation between fish length
and egg count in brook trout (S'ah'efhn/.s: font'm-

5000'
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o

4000"
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liJ

m

=3 3000-

2000-

1957 BROOKS LAKE •

n = 38

958 BROOKS LAKE •
n=22

1958 KARLUK LAKE +
n = 39

I
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MIDEYE-FORK LENGTH IN CENTIMETERS
65

FioiiRE 2.—Relation of egg coniils lo niideye-fork length for rod salmon at Krouks Lake, 1».'>T and l!)r,,s, and at

Karluk Lake, 10.">S.
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per fish. In 1926, Smith (in: Gilbert- and Rich,

1927) examined ovaries from 40 females and ob-

served a mean fecundity of 3,728 eggs and a mean

mideye-fork length of 56.4 centimeters. A mean

fecundity of 3,237 eggs and a mean length of 55.4

cm. are derived from data given by Rounsefell

(1957) for 411 females examined from 1938 to

1941. The average length of female red salmon

in the 1958 escapement at Karluk Lake was 51

cm., and the average fecundity was 2,762 eggs.

These data suggest a long-term decrease in size

and fecundity of red salmon at Karluk Lake that

may be real and thus an important consideration

in the declining abmidance of that stock. This

indication of a downward trend in size and fecun-

dity may also be due to sampling inadequacies.

The 40 fish studied by Gilbert and Rich (1927)

were collected on a single day, September 15, 1926.

The 411 fish included in the analysis by Rounse-

fell (1957) were taken chiefly from the spring

portion of the run. As we shall see in a later

section, age and size composition of the run

changes during the season. Therefore, differences

in mean size and fecundity may reflect differences

within seasons as well as between seasons.

Recent data on red salmon in Alaska show that

lengths and fecundity vaiy considerably. Mathi-

sen (1955)
' found for 1948 and 1950-52 that the

mean mideye-fork length of females at Pick

Creek (a tributary of Lake Nerka in the Bristol

Bay area) was 53.0 cm., and the average fecundity
was 4,011 eggs. Average lengths and fecundities

at Brooks Lake for 1957 were 55.5 cm. and 3,916

eggs, and for 1958 were 53.3 cm. and 3,898 eggs.

Average length was 51 cm., and average fecundity
was 2,762 eggs for 1958 at Karluk Lake.

These differences are not due exclusively to vari-

ations in fish sizes between years or stocks. Real

differences in fecundity for fish of the same size

are sho^vn by Rounsefell (1957) and are'clearly

evident between Brooks and Karluk Lakes stocks

(fig. 2).

VARIATION BETWEEN PAIRED OVARIES

Although the maturation rates are the same for

eggs in the left and right ovaries (Rounsefell,

1957), the number of eggs in each side is usually

different. Brown and Kamj) (1942) state that in

brown trout {Salmo truffa) the posterior portion
of the intestine usually bends to the right, crowd-

ing the right ovaiy at its posterior end and maldng
it smaller than the left. No bend in the intestine

was detected in brown trout with ovaries of the

same size.

Egg counts for left ovaries were plotted against

those of the corresponding right ovaries for 1957

and 1958 samples at Brooks Lake and for 1958

samples at Karluk Lake (fig. 4). Ninety percent

of the left ovaries held more eggs than the right

in 1957 Brooks Lake samples, 91 ijercent in 1958

Brooks Lake samples, and 69 percent in the 1958

Karluk Lake samples. Red salmon at Bare Lake

on Kodiak Island have the opposite condition,

more eggs in the right o\aiy than in the left (Nel-

son, 1959). Karluk Lake data are consistent with

Rounsefell's (1957) findings in 1939, m which the

number of eggs in ovaries from small fish was

similar between right and left sides; but as the

total number of eggs increased, the proportion in

the left ovary l>ecame increasingly greater than

in the right.

REPRODUCTIVE POTENTIAL OF SPAWNING POPULATIONS

The number of salmon spawning in a locality

is often regarded as indicative of the reproductive

potential. Escapement figures have been used

since the inception of management of our salmon

resources to predict the strength of futuie runs.

However, considerable variability in the repro-

1 studies on the spawning bioIoRy of the red salmon, Oncor-

huiichiix tierkn (Walhaum). in Bristol Bay, Alaslia, with special

reference to the effect of altered sex ratios. Ole A. Mathisen,
doctoral dissertation. University of Washington.

ductive potential may actually exist indepentlent

of the actual number of spawners.

Annual differences in sex ratios alone can cause

substantial differences in the number of eggs

available for deposition. Average fecundity for

female red salmon was relatively stable during

three years at Babine Lake (Withler, 1950), but

a high preponderance of males in one of these

years reduced by one-half the reproductive poten-

tial of that spawning population, even though the
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Figure 4.—Egg counts for right and left civaries of female red salmon sampled at Brooks Lake, lO'iT and 195S, and

Karluk Lake, 1958.

number of spawners was approximately the same

(table 1). Mathisen - in a study of e<rg mortality

as related to sex ratio ditl'erences concludes that

in red saluKtii, mortality of eg<rs was only slipiitly

higher with a sex ratio as high as 15 females to 1

male than with a ratio of 1 to 1. Thus, even a

highly unbalanced spawning stock favoring fe-

males may residt iu only minor decreases in idti-

mate eg<r survival from each female. Such a stock

might yield a considerable increase in potential

production over stocks of the same size, but with

more evenlv balanced sex ratios.

Table 1.—Ueprodvctirr potential of red salmon at Babine
Lake in W-i6, 19J,7, and 1949 (after ]Vithler, 19d0)

• See footnote 1.

Item



58 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

Variability in life-liistoi-y categories among
females can be the cause of considerable change
in reproductive potential from year to year,

even though tlie number of spawners and sex

ratio remain constant. Life-history categories

are defined as groups of fish with di tierent

combinations of fresh-water- and ocean-years of

life and are denoted by 2 figures; for instance, 5^

denotes fish that migrated to the ocean in their

third year of life and returned to spawn in tlieir

fifth year. Analysis of the Karluk Lake age data

in 1958 shows that 2 major categories dominate

the spawning populations, Sj and 64 (table 2).

However, in some years one or more other age

categories contribute considerable numbers of fish

to the run. The salient feature of this population
structure (table 2) is the great difl'erence in the

length and fecundity relation between life-history

categories with 1, 2, and 3 years of ocean life;

i.e., is and 64 vereus 63 and 64 versus 63 and 74.

Marked annual differences in the abundance of

1 -ocean-year, 2-ocean-year, or 3-ocean-year fish

could substantially alter the reproductive

potential.

Table 2.—Reproductive potential of the 1958 escapement at

Karluk Lake by life-history categories

Life history
category
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Figure o.—Length-frequency distributions and ri'prdductive i]otential by life-history categories of the escapement at

Karluk Lal;e, 11)58.
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Variability in the reproductive potential of

spawning stocks was shown to be attributable to

at least 4 factoi-s: (1) biological differences in

fecundity between fish of the same size, (2) change
in the life-history composition of spawning stocks,

(3) differences in sex ratios between life-histoi-y

categories, and (4) seasonal differences in repro-

ductive ix>tential evidenced from the well defined

pattern of occurrence by life-history categories at

Karluk Lake.

The possibility of the commercial fishery being
concentrated on the most fecund life-history cate-

gories is theorized as a contributing factor to the

declines in red salmon runs over the past several

decades.
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ABSTRACT
Filefishes of the western North Atlantic, important forage fish because of

their abundance, have been inadequately described and are difficult to identify

to species. In determining the species that occur in the western North Atlantic,

several thousands of young and adult specimens were examined, and four genera
and nine species were found to be valid and separable by external characters:

Alulera monoceros, A. scripta, A. schoepfii, A.heudelotii, Monacanthus ciliatus, M.

tuckeri, Stephanolepis hispidus, S. setifer, and Amanses pullus.

Considerable intraspecific variation in profile was found, resulting in the

synonymizing of several species, among them Alulera punctata and Stephanolepis

spilonotus.

Evidence is presented for the use of Monacanthidae as the family name,
rather than Aluteridae.

Keys to juvenile and adult specimens are presented, and proportional meas-

urements and fin-ray counts are given in tabular form. Graphs, charts, photo-

graphs, and drawings supplement the data to facilitate identification.

Information on ranges and behavior is also presented.

IV



FILEFISHES (MONACANTHIDAE) OF THE WESTERN NORTH ATLANTIC

By Frederick H. Berry and Louis E. Voegle, Fishery Research Biologists

Bureau of Commercial Fisheries

Filefishcs of the family Monacanthidae that

occur in the western North Atlantic Ocean have

been studied as a part of the biological research

program of the United States Bureau of Com-
mercial Fisheries Biological Laboratory at Bruns-

wick, Georgia. This program is concerned with

an evaluation of the fauna off the southeastern

Atlantic coast of the United States. However,
the study of the filefishes, because of their wide

distribution, was not limited to this area. Several

of the species concerned may occur north to

Newfoundland and south to Brazd, and two of

them probably have a worldwide distribution.

Examination of collections made in recent years—
during cruises of the M/V Theodore N. Oill,

Oregon, Combat, and Silver Bay off the south

Atlantic coast of the United States—by dip net,

plankton tows, meter larvae net, and from stomach

contents of larger fish taken by trolling, has indi-

cated that the filefishes are a numerically abundant

group and comprise an important part of the

planktonic and forage-fish fauna. Recent catches

at trawling stations in this area have furnished

additional specimens for taxonomic, morphological,
and environmental evaluation. Many of these

specimens are in the collection of the Brunswick

Biological Laboratory, but several museum and

university collections of filefishes were examined
to augment this material.

Nine species of filefishes from the western North
Atlantic were identified—primarily from speci-

mens taken off the United States. These species

are Alutera monoceros (Linnaeus), Alutera scripta

(Osbeck), Alutera schoepfii (Walbaum), Alutera

heudelotii Hollard, Monacanthus tuckeri Bean,
Monacanthus ciliatus (Mitchill), Stephanolepis

hispidus (Linnaeus) , Stephanolepis setijer (Bennett),

and Amanses pullus (Ranzani).

It is our purpose to give reasons for use of these

names, to briefly diagnose and distinguish the

Approved for publication, December 22, 1959. Fishery Bulletin 181.

genera and species, to furnish illustrations of

the species, and to list the specimens examined
that they shall be readily available for more
detailed future studies.

In accomplishing these objectives we have

determined several aspects of the life histories of

these fishes, added to the knowledge of their

distribution, discovered and confirmed certain

anatomical features, described morphological and

meristic variation, and through our own studies

and from published accounts we have summarized
their ta.xonomic relationships. We have been

dogmatic in our taxonomic pronouncements con-

cerning the several taxonomic problems that

remain in order to stabilize the nomenclature until

adequate numbers of specimens from the entire

geographical ranges of these groups can be studied.

We have explained the problems involved.

Previously, the two most useful references for

identifjang specimens of Monacanthidae from the

western North Atlantic were publications by
Fraser-Brunner (1940, 1941).

We have found that the early hfe-history

stages of the Atlantic coast species occur pelagi-

cally in offshore waters, and beheve these waters

probably are the principal habitat for those

stages. The late juvenile and adult stages tend

to adopt inshore or benthic-offshore habitats.

Preliminary inspection of the extensive plankton
collections made off the coasts of North and South

Carolina, Georgia, and east Florida by the Gill in

1953-54 (see Anderson, Gehringer, and Cohen,
1956) has indicated that larval filefish are rela-

tively abundant in waters of the Gulf Stream
in this area. Samples taken by dip net on the

Gill and other vessels have indicated the abun-
dance of juvenile specimens in offsiiore waters,

particularly in association with floating seaweed.

Although juveniles are taken in inshore waters

and are seined on the beaches, the specimens
from offshore waters appear to be more abundant
and of a smaller average size. Available data
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on larger juveniles and adults show that they
were usually taken from or near the bottom in

shallow waters out to depths of about 25 fathoms.

We have heard reports of large specimens of

Alutera floating at the surface far out at sea, and
we have also been told that these and large speci-

mens of other filefish genera have been seen by
skin divers on or near the bottom. All of the

large specimens on which we have adequate
collection data were taken by bottom-collection

methods.

We are indebted to the following persons for

making specimens available that were instru-

mental in this study: James E. Bohlke, Academy
of Natural Sciences of Philadelphia; Eugenie
Clark, Cape Haze Marine Laboratory; Earl E.

Deubler, Jr., University of North Carolina; W. I.

Follett, California Academy of Sciences; John D.

Kilby, University of Florida; George S. Myers,
Stanford University; Leonard P. Schultz, U.S.

National Museum; Victor G. Springer, Florida

State Board of Conservation; and Royal D.

Suttkus, Tulane University. We are grateful
for the assistance of the entire staff of the U.S.

Bureau of Commercial Fisheries Biological Lab-

oratory at Brunswick.

METHODS

Body measurements greater than about 6

millimeters were taken with dial calipers or with

dividers and a metric scale
;
smaller measurements

were taken with a microscope and calibrated

micrometer eyepiece. Measurements of less than

100 mm. were generally recorded to the nearest

0.1 mm.; larger measurements, to the nearest

millimeter.

Counts of rays of the soft dorsal, anal, and

pectoral fins were made with a microscope and

transmitted light on all specimens of less than

about 250 mm. standard length. Each discernible

ray was counted, including the small or rudimen-

tary ray that occasionally is present at the

posterior end of the fins. Only the pectoral and
caudal fins have branched rays. All species
examined have two dorsal spines and one pectoral

spine; the second dorsal spine and the pectoral

spine become minute or vestigial with growth of

the fish. The pectoral spine was not included in

the count of that fin. By definition, a ray in a

fin may be of two types: a spine (which usually

has a pointed tip, is never segmented, and is never

branched) and a soft ray (which usually has

blunt or fimbriated tip, is segmented, and may or ^

may not be branched) .

Obvious deformities were neither counted nor
measured.

The following measurements are illustrated in

figures 1 and 2.

Standard length (S.L.).
—Distance from tip of

snout (upper lip) to middle of caudal-fin base.

The caudal-fin base is distinguished externally as

the curved ridge formed by the proximal ends of

the caudal-fin rays. This ridge is not to be con-

fused with the line formed by the extension of body
skin and scales onto the bases of the caudal rays.
Percent of standard length is recorded as "% S.L."

Body depth.
—Distance between origins of second

dorsal fin and anal fin.

Head length.
—Distance from tip of snout (upper

lip) to upper end of gill slit.

Snout length.
—Distance from tip of snout (upper

lip) to anterior margin of orbit.

Eye diameter {orbit diameter) .
—Horizontal diam-

eter of orbit.

Eye to dorsal spine.
—

Straight-line distance from

top of orbit to front center of base of first dorsal

spine.

Dorsal-spine length.
—Distance from front center

of base of dorsal spine to its tip.

Caudal-Jin length.
—Distance from middle of

caudal base to tip of longest caudal ray.

Peduncle depth.
—Least depth of caudal pe-

duncle, a vertical measurement from posterior end

of anal-fin base.

Peduncle length.
—Shortest distance, from poste-

rior end of anal-fin base to caudal-fin base along

ventral surface of peduncle.

IDENTIFICATION

Our dichotomous keys to filefishes of the western

North Atlantic have been constructed to allow for

intraspecific and interspecific variation, and for

ontogenetic changes in form and morphometries.

When our series of specimens was small or in-

complete in size range, we attempted to anticipate

variation and ontogenetic changes, particularly

by not using or qualifying the use of characters

that we suspect might not be valid at specimen

sizes we did not have.
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Key to Genera of Monacanthidae from the Western North Atlantic

A. Pelvic bone without an external spine or with only a very small rudimentary barbed spine present in three species

(fig. 5). Gill slit usually very oblique (at an angle of about 45° from longitudinal body axis on specimens larger than

40 mm. S.L.) (fig. 4). First dorsal spine located over middle or back of eye (fig. 4). Anal-fin rays, 35 to 52 (fig. 3)

Alutera.

AA. Pelvic bone with a prominent external spine (fig. 5). Gill slit nearly vertical or only slightly oblique (fig. 4) B.

B. A deep groove behind the dorsal spines (fig. 27B). Pelvic spine not movable (fusion may be broken on damaged

specimens) (fig. 5). First dorsal spine inserted over anterior part of eye (on specimens 30 mm. S.L. and larger)

(fig. 4). Anal-fin rays, 29 to 32 (fig. 3)
Amanses.

BB. No deep groove behind the dorsal spines. Pelvic spine movable in anterioposterior direction (fig. 5). First

dorsal spine inserted over posterior part of eye (fig. 4) . Anal-fin rays, 26 to 36 (fig. 3) C.

C. Scales with 1 to 8 or more spines, each spine arising individually from the scale base, and none of the spines

branched; the spines usually separate but joined basally by a thin bony connection on larger specimens (95 mm.

S.L. and larger; fig. 8). Body relatively shallower (table 12). Caudal peduncle of specimens 20 mm. S.L. and

larger with 2 to 4 pairs of enlarged spines on each side (spines recurved in males). No elongated dorsal rays.

Ventral flap relatively large (fig. 30) Monacanthus.

CC. Scales usually with 1 spine, but with about 3 to 8 closely joined spines in larger specimens (100 mm. S.L. and

larger). On specimens larger than about 40 mm. S.L. the spines branched one to many times above their bases;

on specimens between about 19 and 40 mm. S.L. the spines of only a part of the scales are branched; and on speci-

mens smaller than about 19 mm. S.L. spines are not branched (fig. 8). Body relatively deeper (table 12). No

enlarged paired and recurved spines on caudal peduncle. Second dorsal ray elongated in mature males. Ventral

flap relatively small (fig. 31) Stephanolepis.

Keys to Species of Monacanthidae from the Western North Atlantic

Genus Alutera Cloquet

A. Dorsal rays 43 to 50. Anal rays 46 to 52 (fig. 3). Pectoral rays modally 14 B-

B. Caudal peduncle longer than deep; peduncle length into peduncle depth 0.65 to 0.95 times. Caudal fin relatively

short, about 18 to 26% S.L. Eye to dorsal spine distance relatively large, 7.0 to 8.6% S.L. Depth relatively great

on specimens smaller than 175 mm. S.L., 36.8 to 43.8% S.L. (fig. 35) Alulera monoceros.

BB. Caudal peduncle deeper than long on specimens larger than 30 mm. S.L.; peduncle length into peduncle depth

1.24 to 1.60 times on specimens larger than 50 mm. S.L., 1.03 to 1.05 times on specimens of 31 to 46 mm. S.L., 0.86

on a 27-mm. specimen. Caudal fin relatively long, about 33 to 61% S.L. Eye to dorsal spine distance relatively

small, 5.0 to 6.7% S.L. Depth relatively shallow on specimens smaller than 175 mm. S.L., 21.5 to 33.1% S.L.

(fig. 35) Alutera scripta.

AA. Dorsal rays 32 to 41. Anal rays 35 to 44 (fig. 3). Pectoral rays modally 12 and 13 C.

C. No pelvic spine. Eye to dorsal spine distance variable and relatively large on specimens larger than 100 mm.
S.L. (fig. 34), 7.3 to 13.5% S.L. Eye relatively small on specimens larger than 175 mm. S.L., 4.8 to 6.8% S.L.

Body depth relatively small in specimens smaller than 35 mm. S.L., 17.3 to 23.2%, S.L. Snout relatively short on

specimens smaller than 45 mm. S.L., 12.0 to 23.9 %> S.L. Body scales relatively large and sparse; spines on scales

relatively long and not close set (fig. 6), producing a comparatively rough feeling to the touch. Dorsal spine

relatively long, thin, and with small barbs (fig. 7). Ventral profile of specimens smaller than about 45 mm. S.L.

flatly curved, not produced into an angle (fig. 11). Pigment pattern of preserved specimens of about 70 to 200 mm.

S.L., usually consisting of relatively fewer rounded spots or stripes mainly present on the ventral portion of the body;

however, this pigmentation may be entirely absent (fig. 23) . Coloration of live specimens with few to many orange

spots Alutera schoepfii.

CC. Rudimentary pelvic spine present (on specimens 30 to 135 mm. S.L.) (figs. 4 and 5). Eye to dorsal spine distance

relatively small on specimens larger than 100 mm. S.L. (fig. 34), 4.6 to 6.6% S.L. Eye relatively large on specimens

larger than 175 mm. S.L., 6.2 to 7.7% S.L. Body depth relatively great in specimens smaller than 35 mm. S.L.,

27.6 to 30.6% S.L. Snout relatively long on specimens smaller than 45 mm. S.L., 23.8 to 26.7% S.L. Body scales

relatively small and numerous; spines on scales relatively short and close set (fig. 6), producing a "velvety" feeling

to the touch, especially on specimens larger than 70 mm. S.L. Dorsal spine relatively short with large barbs (fig.

7); this condition pronounced on specimens between 40 and 140 mm. S.L. Ventral profile on specimens smaller

than about 45 mm. S.L. produced in a convex angle by the extended pelvic bone (fig. 12). Pigment pattern of

preserved specimens larger than about 70 mm. S.L. consisting of rounded or elongated and rounded spots, these more

numerous on the dorsal half of the body (fig. 25). Color markings on live specimens bluish purple
Alutera heudelotii.
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Genus Monacanthus Oken

A. Body depth relatively shallow, 31.3 to 38.6% S.L. (fig. 36). Head relatively long on specimens larger than 40 mm.

S.L., 33.1 to 36.1% S.L. Snout relatively long on specimens larger than 30 mm. S.L., 25.4 to 28.1% S.L

Monacanthus tucker i .

AA. Body depth relatively great, 39.1 to 54.5% S.L. (fig. 36). Head relatively short on specimens larger than 40 mm.

S.L., 29.0 to 33.3% S.L. Snout relatively short on specimens larger than 30 mm. S.L., 21.9 to 25.7% S.L

Monacanthus ciliatus.

Genus Stephanolepis Gill

A. Dorsal rays usually 31 to 34, rarely 29, 30, or 35. Anal rays usually 31 to 34, rarely 30 or 35 (table 10). Pigment

pattern of preserved specimens between about 27 and 65 mm. S.L. consisting of a longitudinal arrangement of relatively

few, small, dark dashes in several rows and several relatively large, dark, oblique or vertical blotches on the sides; the

breast and snout without small flecks of pigment; and two moderately distinct dusky bars of about equal intensity on

the caudal fin (fig. 31). On larger specimens the body dashes and caudal bars tend to become indistinct, the blotches

on the sides become larger and more irregular, and the breast and snout become generally darker, but still lack a spotted

effect ' _ Stephanolepis hispidus.

AA. Dorsal rays usually 27 to 29, rarely 30. Anal rays usually 27 to 29, rarely 26 or 30 (table 10) . Pigment pattern of

preserved specimens between about 27 and 65 mm. S.L. consisting of a relatively greater number of rows of dark dashes

(which are more sharply defined and which give a broken-lines effect to the sides) and relatively small vertical or oblique

blotches present on the sides; the breast and snout with few to many small flecks or spots of pigment; and two very

distinct bars on the caudal fin, the anterior bar the darker (fig. 31). On larger specimens the body dashes and blotches

and the caudal bars are less distinct, but the broken-lines effect on the sides and the spots on the breast and snout

remain apparent
' Stephanolepis seiifer.

Genus Amanses Gray
A. A single species

Amanses pullus.

DESCRIPTION OF GENERA AND SPECIES the more common acceptance of this name. In

addition, Gill (1884: p. 417) gives "Monacanthini,
Monacanthidae is the correct name for this Nardo . . . 1844" as the name used earhest and

group of fishes, although the name Aluteridae
^^^^ gj^^g ^y^ Q^j^er uses of Monacanthus as a

was used by Fraser-Brunner (1941: p. 176) and
family group name that predate the first use of

others. Whitley (1929: p. 138) stated that
^/tt^era (in 1873) as a family group name (p. 416).

"Aluterus Cloquet is an earUer name than
^^j^g separation of Monacanthidae (under the

Monacanthus Shinz, the first Latinization of name of Aluteridae) as a family distinct from

'Les Monacanthes' Cuvier, so the family hitherto Balistidae by Fraser-Brunner (1941) provides
known as Monacanthidae should be named

adequate justification for this subjective distinc-

Aluteridae." Two factors govern the propriety
^^^^^ although some recent authors have not

of family names—priority of the generic names
acknowledged the separation and have treated

as they have been used as family names, and, Monacanthidae as a subfamily of Balistidae.

especially in the case of well-known groups, the
j^^ addition to the trenchant characters given by

generally used and accepted name that has become Fraser-Brunner, comparison of larval forms—
attached to a family (International Trust for

larval Monacanthidae are very laterally com-

Zoological Nomenclature, 1953: p. 33, art. 45(1)). pressed, contrasted with the laterally expanded

Both of these factors apply to the acceptability and rotund larval Balistidae—provides additional

of the name Monacanthidae. A review of the reason for the famihal separation. Fraser-

literature and abstracting journals clearly supports Brunner's (1941: p. 176) separation follows:

The division Balistiformes of the suborder Balistoidea consists of two families, which are separable as follows:

I. Palatine T-shaped, the foot of the T movablv articulated with the ectopterygoid. 8 outer teeth m each jaw; 6 inner

ones in upper jaw. 2 or no caudal vertebrae with epipleurals. 5 precaudal interneurals; ^ 4 formmg trough for spmous

dorsal fin, the first movably articulated between exoccipitals, the others free from skull; the fifth formmg a prop between

trough and vertebral column. Distal ends of caudal interneurals and interhaemals not expanded. 3 dorsal spines.

Scales moderate or small, in regular series, imbricate. All soft fins with branched rays Balistidae.

1 The described pigmentations develop between 22 and 27 mm. S.L. We record specimens that have 30 soft rays In the dorsal or anal fins and lack

the definitive pigment pattern as specifically unidentifiable.

> "Excepting one, which may be thickened, in series with the caudal interneurals, in front of soft dorsal fin" (Fraser-Brumier, 1941; p. 176).



FILEFISHES (MONACANTHIDAE ) OF THE WESTERN NORTH ATLANTIC 65

II. Palatine a simple bar, not directly connected with ectopterygoid. 6 outer teeth in each jaw; 4 inner ones in upper

jaw. 4 or 5 caudal vertebrae with epipleurals. 3 precaudal interneurals ^ fused to form trough for spinous dorsal

fin, immovably attached to exoccipitals, unconnected with vertebral column. Distal ends of caudal interneurals with

prominent lateral expansions. Normally 2 dorsal spines, the second very small and sometimes absent. Scales small

or minute, not in regular series, rarely in contact. Soft dorsal, anal and pectoral rays simple -_

_ _ __ Aluteridae [Monacantbidae].

Alutera Cloouet 1816

Aluterus as first proposed by Cloquet (1816: p.

135) is correctly emended to Alutera because

the stem, aluta, is a feminine noun (Andrews,

1851 : p. 89) and thus is in accord with the Copen-

hagen decisions on zoological nomenclature (In-

ternational Trust for Zoological Nomenclature

1953: p. 49, art. 84(1)). Cloquet's proposal of

the name appeared in a French dictionary and

was based on a manuscript of Cuvier. Cuvier's

(1817: p. 153) first apphcation of the name,

however, was in the vernacular, "Les Aluteres."

Oken (1817: p. 1173) furnished Alutera in its

nomenclatorially acceptable form. This genus
includes the following nominal genera as syn-

onyms: Ceratacanthus Gill 1861, Osbeckia Jordan

and Evermann 1898, and Davidia Miranda

Ribeiro 1915. Fraser-Brunner (1941: p. 187)

separated the first two of these names as sub-

genera of Alutera on the basis of fin-ray counts

and shape of the snout and caudal peduncle.

We recognize four species of Alutera from the

western North Atlantic: Alutera monoceros (Lin-

naeus) 1758, Alutera scripta (Osbeck) 1765,

Alutera schoepjii (Walbaum) 1792, and Alutera

heudelotii Hollard 1855. A fifth species, Alutera

punctata (Cuvier) in Spix 1831, has been reported
from this area, but we regard it as a synonym
of Alutera schoepjii, and it is discussed under the

account of that species.

Alutera heudelotii, A. scripta, and A. monoceros

possess an external, rudimentary pelvic spine
near the distal end of the pelvic bone. This spine

usually has several short, thick, and irregular

barbs, that appear to wear off in large specimens.
On some of the largest specimens the pelvic spine
could not be located, presumabl}' because of its

degeneration and the corresponding increase in

number and thickness of the spines on the body
scales in this area. At its maximum development
on smaller fish, the barbs of this rudimentary
spine are much thicker and extend farther from
the body surface than the spines of the associated

body scales (fig. 5). This type of spine does not
566129 0—61 2

occur in Alutera schoepjii, and therefore its

presence or absence is useful in distinguishing

this species from A. heudelotii, particularly so in

specimens 50 to 90 mm. S.L. where other charac-

ters used to separate these two species are relative

or overlapping. This spine was found in all

specimens of Alutera heudelotii from 30.5 to 135

mm. S.L., but could not be located in specimens
of 136 mm. S.L. and larger. It was noted in

specimens of A. monoceros from 53 to 137 mm.
S.L. In A. scripta, it was noted in specimens
from 27 to 200 mm. S.L. Smith (1935: p. 359, pi.

XLII D) recorded pelvic spines in A. monoceros

and A. scripta from South Africa.

Longley (1935: p. 86) noted the pelvic spine in

Alutera ventralis and referred to it as "a micro-

scopic vestige of the reduced ventral girdle of

Monacanthus." Hildebrand (in Longley and

Hildebrand, 1940: p. 279) corroborated its pres-

ence in this species, but described it as freely

movable in the skin. The skin surrounding the

spine can readily be lifted away from the bone,

and we have found the spine to be directly fused

to the pelvic bone. However, the spine can be

broken away from the bone, and if retained in

position in the surrounding skin it is then movable.

We have not determined a homologous relation-

ship between this rudimentary spine and the

pelvic spine of Monacanthus, Stephanolepis, or

Amanses, and accept Longley's interpretation

only on circumstantial evidence.

Alutera monoceros (Linnaeus) 1758

(Figures 19, 20, and 21)

This species was described in a pre-Lmnaean
publication by Osbeck (1757) from a specimen
taken off the coast of China. The name was docu-

mented nomenclatorially by Linnaeus ui 1758.

Some authors have regarded Alutera monoceros as

a Pacific species and have distinguished the At-

lantic form under the name of Alutera guntheriana

Poey 1863; but comparisons of our Atlantic ma-
terial with specimens from the China Sea and the

Philippines show them to be identical in all
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respects, and we regard Alutera monoceros as a

species of worldwide occurrence. Comparisons of

specimens from the western North Atlantic with

specimens from Brazil, South Africa, and the

Pacific coast of Panama show slight differences in

contour and depth, but we attribute this to indi-

vidual variation and perhaps varj'^ing rates of

ontogeny in different geographical areas.

Diagnostic characters.—Dorsal spines, 2. Dorsal

soft rays, 46 to 50
;
anal soft rays, 47 to 52 (table 1) .

Pectoral spine, 1 rudimentary. Pectoral soft rays,

14 (table 11). Pelvic spine, rudimentary and not

movable (as Alutera heudelotii in fig. 5), absent in

large specimens. Gill slit, oblique at an angle of

about 45° to horizontal to body axis (as in fig. 4).

First dorsal spine, inserted over middle or posterior

part of eye (as in fig. 4) . No deep groove behind

dorsal spines. Body depth, 34.4 to 43.8% S.L.

(table 12; fig. 35). Head length, 26.6 to 34.7%
S.L. (table 13). Snout length, 23.4 to 27.5% S.L.

(table 14). Eye diameter, 4.2 to 8.3% S.L. (table

15). Eye to dorsal spine distance, 7.0 to 8.6%
S.L. (table 16). Caudal peduncle longer than

deep; peduncle length into peduncle depth 0.65

to 0.95 times. Caudal fin relatively short, about

18 to 26% S.L.

Specimens examined.—From the western North
Atlantic: 10 of 53 to 545 mm. S.L., from southern

Massachusetts, the Carolinas, eastern Florida, and

the Florida Keys (fig. 38).

Alutera scripta (Osbeck) 1765

(Figures 9, 19, 20, and 22)

This species has usually been regarded as of

worldwide distribution. We have examined spec-
imens from Hawaii, Okinawa, and the Pacific

coast of Panama that appear to be identical with

our western Atlantic material. Whitley (1952:

p. 30) attempted to limit the Atlantic population
under the name of Osheckia picturata (Poey) 1863.

The brief description of Batistes scriptus that has

been assigned to this species was m a publication

by Osbeck (1757: p. Ill) that predates nomen-
clatorial acceptabilit3^ Linnaeus did not record

this name in the tenth edition of his Systema
Naturae, although he did include (1758: p. 327)
the listing of Osbeck's Balistes monoceros from the

preceding page of Osbeck's book (1757: p. 110).

The fu-st nomenclatorially acceptable publication
of the name scripta is in a translation of Osbeck's

1757 book from Swedish to German hy J. G.

Georgi in 1765 (p. 145). Since Georgi apparently
made a direct translation without any emenda-

tions, we do not consider him as the author of

Osbeck's names and descriptions.

Diagnostic characters.—^Dorsal spines, 2. Dor-
sal soft rays, 43 to 49; anal soft rays, 46 to 52

(table 2). Pectoral spine, 1 rudimentary. Pec-
toral soft rays, 13-15 (table 11). Pelvic spine,

rudimentary and not movable (as Alutera heudelotii

in fig. 5), absent in large specunens. Gill slit,

oblique at an angle of about 45° to horizontal

body axis on specimens larger than 40 mm. S. L.

(as in fig. 4). First dorsal spine, inserted over

middle or posterior part of eye (as in fig. 4). No
deep groove behind dorsal spines. Body depth,
21.5 to 35.0% S.L. (table 12; fig. 35). Head length,
29.3 to 33.9% S. L. (table 13). Snout length,
21.9 to 28.8% S. L. (table 14). Eye diameter,
5.3 to 9.1% S. L. (table 15). Eye to dorsal spine

distance, 5.0 to 6.7% S. L. (table 16). Caudal

peduncle deeper than long on specunens larger
than 30 mm. S. L.

; peduncle length into peduncle

depth 1.24 to 1.60 tunes on specimens larger than

50 mm. S. L., 1.03 to 1.05 times on specinaens of

31 to 46 mm. S. L., 0.86 on a 27-mm. S. L. speci-

men. Caudal fin relatively long, about 33 to

61% S. L.

Specimens examined.—From the western North
Atlantic: 48 of 27 to 377 mm. S. L. (skin and skull

examined of a specunen about 410 mm. S. L.)

from Bermuda, off the North Carolina coast,

southward around Florida, in the Gulf of Mexico,
and the Caribbean (fig. 38).

Color.—In live specunens taken off North Caro-

lina in September 1959, the scrawled markings
and spots were dark green and the background
color was mottled olive-brown. This color fades

and may disappear upon preservation, but the

pigmentation in the markings and spots remains

dark on most specimens even after prolonged

preservation.

Alutera schoepfii (Walbaum) 1792

(Figures 10, 11, 23, and 24)

This species is extremely variable in certain

morphological characters. Early in the study

when we had only a few specimens, it appeared

that two forms existed, one of which we would

have called Alutera punctata (Cuvier) in Spix,
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1831. Specimpiis were examined that were ex-

tremely diverse in eye diameter, distance from

eye to dorsal spine, shape of the snout to dorsal

spine profile, body depth, and pigmentation.

However, when our complete size series of speci-

mens had been acquired and examined, we found

that tlie specimens intermediate in these morpho-

logical characters were more abundant than the

extremely diverse specimens. We were convinced

that these specimens represented a single highly

variable species. If ^4. punctata exists, we have

no specimens of it, and there is no available pub-
lication to differentiate it from A. schoepjii. The

inadequacy of the original description of ^4. punc-

tata was pointed out by Longley (/;) Longlej- and

Hildebrand, 1941 : p. 292). Longley also examined

the spechnen Jordan and Rutter (1897: p. 127)

used for the first redescription of A. punctata, and

considered it to be A. schoepjii. We assume ar-

tist's license in the excessively low numbers of

dorsal fin rays and high numbers of body spots on

the drawing of the type specimen of A. punctata

{in Spix, 1831, pi. LXXVI). "Cuv. in litt." is

given by Agassiz as the author of this species {in

SpLx, 1831: p. 137), inferring that Cuvier should

be recorded as the author of this name.

Diagnostic characters.—Dorsal spines, 2. Dorsal

soft rays, 32 to 39; anal soft rays, 35 to 41 (table

3). Pectoral spine, 1 rudimentary. Pectoral soft

rays, 11 to 14 (table 11). Pelvic spine, absent at

all sizes. Gill slit, oblique at an angle of about
45° to horizontal body axis on specimens larger
than 40 mm. S.L. (as in fig. 4). First dorsal spine,

inserted over mid or posterior part of eye (as in

fig. 4). No deep groove behind the dorsal spines.

Body depth, 17.3 to 47.4% S.L. (table 12; fig. 35).

Head length, 23.3 to 34.2% S.L. (table 13).

Snout length, 12.0 to 28.6% S.L. (table 14). Eye
diameter, 4.8 to 8.8% S.L. (table 15). Eye to

dorsal spine distance, 3.9 to 13.5% S.L. (table 16;

fig. 34).

Specimens examined.—258 of 15.0 to 410 mm.
S.L., from Bermuda, from Nova Scotia southward

along the eastern and Gulf coasts of the United

States, and from along the coasts of Cuba,
Jamaica, Haiti, Atlantic Panama, and Brazil

(fig. 38).

Color.—In live specimens taken off North
Carohna in September 1959, the coloration was
variable with background shades of white, orange,
or metallic gray. When white was present, it

was usually most prevalent over the anterior

regions of the fish. Orange was nearly always

present, at least in the form of spots along the

midventral region of the body. The dark metallic

graj' color was often present on the dorsal half of

the body as well tis on the peduncle. In a few

specimens the body was entirely dark, but even

in these orange spots were present, and in several

specimens the orange spots were extremely numer-

ous. Usually when the anterior regions of the

fish were white, some orange blotches extended

onto the white background. Often the dark gray
occiured as large blotches over the orange. The
entire coloration fades rapidly when specimens
are placed in a preservative

—the orange spots

are extremely ephemeral.

Alutera heudelotii Hollard 1855

(Figures 12 and 25)

Alutera heudelotii Hollard (1855: p. 13, de-

scribed from Senegal, West Africa) occurs in both

the eastern and western Atlantic, and its syn-

onymy has only recently been determined.' It

includes the following nominal species: Alutera

Juscus (Fischer, 1885: p. 75, pi. II, fig. 6, from

Cameroon, West Africa) ;
Alutera blankerti (Met-

zelaar, 1919: p. 295, fig. 64, from Cape Blanco,

West Africa) ;
and Alutera ventralis (Longley, 1935:

p. 08, from Tortugas, Florida; redescribed by
Hildebrand in Longley and Hildebrand, 1940:

p. 278).

This species has largely been overlooked or con-

fused, and we have re-identified specimens in

several museums that were incorrectly identified

as A. scripta, which species it superficially resem-

bles, and as A. schoepjii and its synonym A.

punctata. A number of early and recent refer-

ences to A. punctata were undoubtedly based on

specimens of A. heudelotii. The 44-mm. specimen
from off West Africa described and illustrated as

A. blankerti by Poll (1959: p. 247, fig. 83) repre-
sents this species, as does the 291-mm. West
African specimen Poll illustrated as A. punctatu-s

(1959: fig. 82).

Diagnostic characters.—Dorsal spines, 2. Dorsal

soft rays, 36 to 41
;
anal soft rays, 39 to 44 (table

4). Pectoral spine, 1 rudimentary. Pectoral

soft rays, 12 to 14 (table 11). Pelvic spine.

' Berry, Frederick H., and Max Poll. Manuscript, Synonymy of the

Atlantic Ocean fllefish Alutera heudelotii HoUard.
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rudimentary and not movable (fig. 5), absent in

specimens larger tlian 135 mm. S.L. Gill slit,

oblique at an angle of about 45° to horizontal

body axis in specimens larger than 40 mm. S.L.

(fig. 4). First dorsal spine, inserted over mid or

posterior part of eye (fig. 4). No deep groove
behind dorsal spines. Body depth, 27.6 to 46.5%
S.L. (table 12; fig. 35). Head length, 29.1 to

35.2% S.L. (table 13). Snout length, 23.8 to

28.7% S.L. (table 14). Eye diameter, 6.2 to

10.0% S.L. (table 15). Eye to dorsal spine

distance, 4.0 to 7.3% S.L. (table 16; fig. 34).

Specimens examined.—68 of 30.5 to 240 mm.

S.L., from Bermuda, from southern Massachusetts,

off the coast of the Carolinas, around the Florida

coast, in the Gulf of Mexico, and off Brazil (fig.

38).

Color.—In live specimens taken off North

Carolina in September 1959, the scrawled mark-

ings and spots were bluish purple ;
the background

color was a mottled olive brown that faded upon

preservation. The pigmentation of the markings
and spots remains dark on most specimens even

after prolonged preservation.

Monacanthus Oken 1817

We have examined two valid species of this

genus from the western North Atlantic, M.
tuckeri Bean 1906 and M. ciliatus (Mitchill) 1818.

The two species of Monacanthus in the western

North Atlantic were recorded in a new subgenus,

Leprogaster, by Fraser-Brunner (1941: p. 184).

He distinguished it as an Atlantic subgenus
characterized by a shorter pelvic spine and a

smaller ventral flap than are present in the

Pacific subgenus Monacanthus. We found no

elongation of the upper caudal ray in the Atlantic

species as was depicted by Fraser-Brunner for his

new Pacific species, Monacanthus macrolepis

(1941: p. 190, fig. 4).

Monacanthus tuckeri apparently is a smaller

species than M. ciliatus, both in not growing to so

large a size and in maturing at a smaller size.

Based on the specimens we examined it appears
to be the less abundant of the two along the

United States coast, but more equally common
with M. ciliatus in the Bahamas and Bermuda.

In his revision of the Aluteridae Fraser-Brunner

(1941) recorded both Monacanthus and Stephano-

lepis as valid and distinct genera. Since then

several workers have disagreed with this pro-
nouncement and have regarded Stephanolepis as

a s_\monym of Monacanthus. The probable reason

for this disagreement is the interpretation of scale

structure of the two nominal genera. We have
found the scale structure is subject to ontogenetic

change
—not adequately accounted for by Fraser-

Brunner. Scales of various sizes of specimens of

Stephanolepis hispidus and Monacanthus ciliatus

are diagrammatically illustrated in figure 8. In

the structure and ontogeny of its scales, Stephano-

lepis setifer is essentially similar to S. hispidus, as

is Monacanthus tuckeri to M. ciliatus, except that

M. tuckeri is smaller at maturity than is AI.

ciliatus and exhibits changes in its scale structure

at smaller sizes.

The scales of all four genera of filefish examined

during this study have one or more spines arising

perpendicularly from the scale base, the number of

spines increasing with growth or size of the fish.

Above the scale base the spines are usually curved

posteriad, and they may undergo certain modifica-

tions as secondary sexual characteristics, partic-

ularly in the region of the caudal peduncle. The
scales of Alutera and Amanses are similar to those

of Monacanthus. The scales of Monacanthus and

Stephanolepis are similar up to a size of about 20

mm. S.L., the scales of each having a single spine

(fig. 8). At sizes larger than 20 mm. S.L., the

spines of some of the scales of Stephanolepis have

become branched—this branching occurs well

above the scale base usually on the distal one-

fourth of the spine. Between 30 and 40 mm. S.L.

the spines of essentially all of the scales of Stepha-

nolepis have become branched. Two or more

closely joined spines are present on scales of

Stephanolepis of more than 100 mm. S.L., and eight

were present on the scales of a 150-mm. S.L. speci-

men—aU of these spines are branched. Con-

versely, the scale spines of Monacanthus never

branch—each spine arises individually from the

scale base. Two spines were found on a few scales

of a 41-mm. S.L. specimen of Monacanthus ciliatus,

three at 46.5 mm. S.L., and seven at 95 mm. S.L.

(fig. 8) . Some of the spines on larger specimens of

Monacanthus are jomed basally by a thin bony

partition.

After analyzing these concrete differences in

scale structure in the two groups, as well as distinct

differences in secondary sexual characters, we
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recognize the value of Fraser-Bruniier's generic

distinction of Siephanolepw from Monacanthus.

The pelvic spine in Monacanthus is very similar

to that in Stepkanolepis (fig. 5).

Monacanthus tuckeri Bean 1906

(Figm-es 13 and 29)

Although this species was described more than

50 years ago, it Has never been adequately dis-

tinguished from Monacanthus ciliatus, and many
museum collections we have examined contained

both species, usually cataloged as M. ciliatus-.

Diagnostic characters.—Dorsal spines, 2. Dorsal

soft rays, 32 to 37; anal soft rays, 31 to 36 (table

5). Pectoral spine, 1 rudimentar}-. Pectoral soft

rays, 10 to 12 (table 11). Pelvic spine, large and

movable (as in Stephanolepis; fig. 5). GUI slit,

nearh' vertical with respect to horizontal body axis

(as in Stephanolepis; fig. 4). First dorsal spine,

inserted over posterior part of eye (as in Steph-

anolepis; fig. 4). No deep groove behind dorsal

spines. Body depth, 31.3 to 38.6 % S.L. (table 12;

fig. 36). Head length, 33.1 to 41.5 %S.L. (table

13). Snout length, 20.7 to 28.2 % S.L. (table 14).

Eye diameter, 8.7 to 14.4 % S.L. (table 15). Eye
to dorsal spine distance, 6.3 to 10.6 mm. S.L. (table

16).

Specimens examined.—60 of 15.3 to 56.5 mm.

S.L., from Bermuda, off the Carolmas, off eastern

Florida, in the Bahamas and the Lesser Antilles

(fig. 39).

Sexual characters.—The seven largest specimens
available had gonads large enough to permit deter-

mination of sex (2 males, 56.5 and 50.5 mm. S.L.;

5 females, 53, 51.5, 50.5, 49, and 48 mm. S.L.).

The next largest specimens, 44 and 36 mm. S.L.,

had visible gonads, but they were too smaU for the

sex to be interpreted. The males have a dorsal

and a ventral pair of enlarged recurved spines on

each side of the caudal peduncle, and the spmes
on other scales on the sides of the peduncle are

elongated, forming a bristlelike patch. The
females have similar pairs of spines on the pedmicle
but they are smaller and are directed posteriorly,

and the spines of scales on the peduncle are not

much, if any, larger than other bodj' scale spines.

These dorsal and ventral pairs of spines are dis-

cernible on specimens as small as 19 mm. S.L.,

since at this size and larger the scale bases from
which they arise are larger (of greater diameter)

than the bases of the other peduncle scales. The

larger or more expandible ventral flap of the male

with the dark stripe near its margin was described

and illustrated by Clark (1950: p. 162). Clark

listed males of 39, 59, and 60 mm. S.L., a female

of 45 mm. S.L., and immatm-e specimens of 17 to

30 mm. S.L.

Monacanthus ciliatus (Mitchill) 1818

(Figures 14, 15, 29, and 30)

As noted before, this species has frequently been

confused with Monacanthus tuckeri.

Diagnostic characters.—Dorsal spines, 2. Dorsal

soft rays, 29 to 37
;
anal soft rays, 28 to 36 (table

6). Pectoral spine, 1 rudimentary. Pectoral

soft rays, 9 to 13 (table 11). Pelvic spine, large

and movable (as in Stephanolepis; fig. 5). Gill

slit, nearly vertical with respect to horizontal

body axis (as Stephanolepis; fig. 4). Fu-st dorsal

spine, inserted over posterior part of eye (as in

Stephanolepis; fig. 4). No deep groove behind

dorsal spines. Body depth, 39.1 to 54.5 % S.L.

(table 12
; fig. 36). Head length, 29.0 to 38.7 % S.L.

(table 13). Snout length, 16.4 to 25.7 % S.L.

(table 14). Ej-e diameter, 7.4 to 14.5 % S.L.

(table 15). Eye to dorsal spine distance, 6.7 to

10.1 % S.L. (table 16).

Specimens examined.-—347 of 11.0 to HI mm.

S.L., from Bermuda, Massachusetts, the coast of

the Carolinas, around Florida, in the Gulf of

Mexico, the Bahamas, and throughout the Carib-

bean (fig. 39).

Sexual characters.—Clark (1950: p. 159) de-

scribed the sexual characters of this species. Im-

matm-e specimens have a dorsal and a ventral pair

of posteriorly directed spines on each side of the

caudal peduncle
—discernible on specimens as

small as 20 mm. S.L. In the three largest females

we examined (92.5, 101, and 109 mm. S.L.) the

anterior spine of each pair was slightly recurved.

In male fish larger than about 60 mm. S.L., these

spines enlarge and become strongly recurved.

Although the original pairs of spines remain

distinct, additional and similar spines form with

growth
—the largest male examined (107 mm. S.L.)

had 5 dorsal and 4 ventral spines on each side.

On males 90 nmi. S.L. and larger, the spines on

the other scales on the sides of the peduncle are

elongated, forming a bristlelike patch.
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Stephanolepis Gill 1861

After examination of thousands of specimens

of this genus from the western North Atlantic, we

were able to distinguish only two species'
—S.

hispidus (Linnaeus) and S. setifer (Bennett) . The

name setifer was applied to specimens from Cuba

and Atlantic Colombia with a relatively low

number of fui rays (D. 27-28, A. 26-27) by Fraser-

Brunner (1940: p. 519). His reasons for applying

and restricting this name certainly appear to be

justified. Stephanolepis setifer is identical with

Monacanthus oppositus Poey described by Meek
and Hildebrand (1928: p. 798) from Panama, but

we can not confu-m their species range of from

Massachusetts to BrazU.

Five species of Stephanolepis were identified

from the western Atlantic by Fraser-Brunner

(1940). S. setifer has low niunbers of fin rays,

whereas the other four species were reported to

have 30 or more dorsal and anal rays. S. insignis

Fraser-Brunner 1940 and S. varius (Ranzani)

1842 were recorded from Brazil. Our specimens

of Stephanolepis do not represent either of these

forms; their distinguishing characteristics are not

too convmcing; none has been recorded from the

western Atlantic with the exception of the type

material. The remaining two species reported by
Fraser-Brunner were S. hispidus (Linnaeus) 1758

and S. spilonotus (Cope) 1871. We record S.

spUonotus as a sjmonym of S. hispidus, because

we judge our specimens to represent a single

species with moderate variation m morphological

characters, and because we found a complete

overlap in every character that Fraser-Brunner

(1940: p. 523, 535) used to separate the two

nominal species. Certainly there is no difference

between populations of S. hispidus from the At-

lantic and from the Gulf of Mexico, as his obser-

vations suggest. The five specimens Fraser-

Brunner designated as S. spilonotus from Florida,

Mississippi, and Cuba in the Museum of Com-

parative Zoology cannot be located.

In Stephanolepis the first dorsal spine has two

rows of large, ventrally dkected barbs on its

posterior margin. The number of barbs present

is difficult to count, because those near the

base of the spine abruptly decrease in size,

particularly in larger specimens; but the number

of these barbs has been used previously as a

taxonomic character (Fraser-Brunner, 1940: p.

523) to separate S. hispidus with 6 or 7 strong
barbs from S. spilonotus with 12 or more small

barbs. We have determined two features that

invalidate this character: (1) the barbs become

relatively smaller as the fish increases in size, and

(2) the number of barbs increases with growth of

the fish. The following counts of barbs from one

side of the spine of S. hispidus illustrate this sec-

ond invalidating feature (standard length in milli-

meters and number of barbs in parentheses) :

8.4 (3), 8.9 (2), 9.5 (3), 16 (3), 16.5 (3), 16.5 (2),

17 (3), 17.5 (2), 18 (2), 20 (3), 24.5 (4), 26.5 (4),

29.5 (2), 42.5 (5), 44 (5), 48 (5), 52.5 (6), 59 (6),

62 (5), 66 (5), 67 (6), 70 (6), 72 (6), 72 (7), 73 (8),

81 (10), 83 (8), 97 (8), 114 (8), 122 (10), 136 (8),

139 (11), 142 (10), 143 (12), 145 (9), 151 (11), 158

(13), 167 (11). Frequently the number of barbs

on each side of the back of the spines varies by
1 or 2, and in these cases the count from the side

having the greater number of barbs was recorded.

It is characteristic that a small percentage of

specimens of most of the species of Monacan-
thidae examined had a background pigmentation
much darker than average. This was observed

in specimens preserved in both alcohol and for-

malin. Conversely, some few of the preserved

specimens were almost unpigmented. This caused

some difficulty in confirming pigmentation char-

acteristics for S. hispidus and S. setifer, but

usually when moist specimens were examined the

correct determination could be made (drying or

partly drying of specimens makes the pigmenta-
tion more difficult to see) . This feature produces

excessive difficulties in utilizing the key to the

species of Stephanolepis by Fraser-Brunner (1940:

p. 521), in which the primary couplet concerns

pigment (longitudinal pattern of bars, patches,

or bands vs. transverse and mottled pattern).

The profile from snout to dorsal spine of S.

hispidus is concave in most specimens, but in

some it is nearly straight, and in others slightly

convex.

The distance from the upper edge of the orbit

to the base of the first dorsal spine in S. hispidus

is also variable and may be either greater or less

tlian the diameter of the eye.

We have found no specimens of Stephanolepis

setifer from the coast of the United States, where

S. hispidus is relatively common. Analysis of
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the specimens examined indicates that S. setifer

is more common around Cuba, Jamaica, other

islands of the West Indies, and in open waters of

the Gulf Stream or Florida Current. Apparently
it is a smaller species than S. hispidus, maturing
at a smaller body size.

The relationship of this genus to Monacanthus
is discussed under the generic account of Mona-
canthus. Photomicrographs of the scale struc-

tures of Stephnnolepis (under the name of

Stefanolepis hispidus) were published by Sanzo

(1930, pi. Ill, figs. 32-35).

The pelvic spine of Stephanolepis hispidus and
of S. setifer possesses barbs and is articulated with

the end of the barbed portion of the pelvic bone
that protrudes through the skin (fig. 5). It is

freely movable for a short distance (about 45°)
in an anteroposterior direction.

The color patterns on sides, breast, and caudal
fin are of about equal value in separating the two

species; that is, the prominence of one of the

characters is usually accompanied by an equal

prominence of the other two. At sizes less than
about 22 mm. S.L. the species cannot be sepa-
rated on this basis as the patterns described below
are nearly always absent. From about 22 mm.
to about 27 mm. these patterns are often present.

Specimens between about 27 to 65 mm. normally
have good and distinguishable color patterns; the

pattern tends to become less distinguishing at

the larger sizes. Sides: S. setifer normally has
more rows of dashes arranged longitudinally,

giving a broken-lines effect, the dashes being
narrower and more sharply defined than the cor-

responding small bars and spots of S. hispidus;
and both species have smiilar broad, dusky bands
of varying intensity, that may be vertical or

oblique. Breast: Both species have the broad

dusky bands continuing onto the breasts, but in

addition, S. setifer has few to many small flecks

or spots, especially in the region ventral to and
anterior to the bases of the pectoral fins; these

flecks are entirely absent in S. hispidus. Caudal
fin: Botli species have two dark vertical bands
on the caudal fin, however, these bands are nar-
rower and usually much darker in S. setifer; the
first band in S. setifer is usually nmch darker tlian

the second, while in .S. hispidus both bands are
of about equal intensity and not very prominent.

Stephanolepis hispidus (Linnaeus) 1758

(Figures 16, 17, 31, 32, and 33)

The close relationship of this species to

Stephanolepis setifer has been discussed under the
account of the genus.

Diagnostic characters.—Dorsal spines, 2. Dorsal
soft rays, 29 to 35; anal soft raj's, 30 to 35 (tables 7

and 10). Pectoral spine, 1; rudimentary at

larger sizes, pronounced in larvae (see fig. 16).
Pectoral soft ra3's, 12 to 14 (table 11). Pelvic

spine, large and movable (fig. 5). Gill sUt, nearly
vertical with respect to horizontal body axis (fig.

4). First dorsal spine, inserted over posterior

part of eye (fig. 4). No deep groove behind
dorsal spines. Body depth, 43.3 to 65.8% S.L.

(table 12; fig. 37). Head length, 29.5 to 41.4%
S.L. (table 13). Snout length, 14.4 to 27.5%
S.L. (table 14). Eye diameter, 6.9 to 17.1% S.L.

(table 15). Eye to dorsal spine distance, 7.3 to

17.1% S.L. (table 16).

Specimens examined.—3,539 of 5.6 to 211 mm.
S.L., from Georges Bank southward aU along the

Atlantic and Gulf coasts of the United States, off

Mexico and Brazil (fig. 40).

It has been suggested (Fraser-Brunner, 1940:

p. 535) that the number of dorsal and anal fin rays
is greater in specimens from more northern local-

ities than from more southern localities. The
following values tend to indicate such a trend:

Eighty-seven specimens from the Gulf of

Mexico ranged from D 29-A 30 to D 34-A 34 with
a 26.2-percent mode at D 32-A 32 ; 267 specimens
from Georgia ranged from D 30-A 31 to D 34-A 33
with a 27.3-percent mode at D 32-A 32; 199 speci-
mens from North Carohna ranged from D 31-A 31
to D 35-A 35 with a 29.6-percent mode at D 33-A
33: but a smaller sample of 20 specimens from
Massachusetts ranged from D 32-A 32 to D 34-A
34 with a 40-percent mode of D 33-A 32, inter-

mediate between that of Georgia and North
Carolina.

Sexual characters.—Two secondary sexual char-
acters develop on maturing males: the second soft

ray of the dorsal fin becomes very elongated, and
the spines of the scales on the sides of the caudal

peduncle become prolonged and form a patch of

bristles. The elongation of the second dorsal soft
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ray begins between about 104 and 128 mm. S.L.

The patch of bristles on the peduncle forms be-

tween about 104 and 134 mm. On specimens
larger than 140 mm. the elongated second soft ray
of the dorsal fin was 21 to 95 mm. longer than the

third soft ray. No secondarj^ se.xual characters

were found in females. Although females aver-

age a slightly greater body depth than males,

appreciable variation occurs in this character

and the values for the sexes overlap.
The following observations were made on a

sample of 140 specimens of 73.5 to 211 mm. S.L.

taken by bottom trawling on the M/V Silver Bay
off the coast of North Carohna during September
1959:

Seven immature specimens or specimens with

gonads too small to be evaluated, 73.5 to 95 mm.
(mean, 85.3 mm.); 62 males, 78 to 211 mm.
(mean, 131.8 mm.); 71 females, 77 to 180 mm.
(mean, 120.1 mm.) of which five (146 to 180 mm.)
had large macroscopic eggs in the ovaries. Such

large eggs were found in other specimens ranging
from 81 to 139 mm. S.L., taken at other times and
areas.

Occurrence.—The locations of specimens of

Stephanolepis hispidus and S. setifer taken at the

surface off the southeastern Atlantic coast of the

United States on cruises of the Gill, Combat, and
Silver Bay are shown in figure 41. These speci-
mens were less than 70 mm. S.L., and represent

developing young, the majority of which were

being carried northward by the Gulf Stream.

The total number of records and of specimens of

S. hispidus was much greater than for S. setifer.

The records of S. hispidus are distributed from
inshore out to beyond the axis of the Gulf Stream,
whereas the records of S. setifer are generally
confined to the boundaries of the Stream.

On cruise 18 of the M/V Silver Bay off the North
Carolina coast in September 1959, records were
made of all of the bottom-trawling stations at

which Stephanolepis hispidus was taken. Figure
42 shows that the species was broadly distributed

over the area at that time. Most of these speci-
mens were matiu-e, and some of the females had

macroscopic eggs and apparently were near

spawning condition.

Stephanolepis setifer (Bennett) 1830

(Figures 31 and 32)

The resemblance of this species to Stephanolepis

hispidus has been discussed under the account of

the genus.

Diagnostic characters.—Dorsal spines, 2. Dorsal
soft rays, 27 to 30; anal soft rays, 26 to 30 (tables
8 and 10). Pectoral spine, 1 rudimentary.
Pectoral soft rays, 11 to 13 (table 11). Pelvic

spine, large and movable (fig. 5). Gill slit, nearly
vertical with respect to horizontal body axis

(fig. 4). First dorsal spine, inserted over posterior

part of eye (fig. 4). No deep groove behind dorsal

spines. Body depth, 46.8 to 59.6 % S.L. (table

12; fig. 37). Head length, 31.3 to 40.2 % S.L.

(table 13). Snout length, 18.4 to 26.8 % S.L.

(table 14). Eye diameter, 7.6 to 15.9 % S.L.

(table 15). Eye to dorsal spine distance, 7.7 to

13.3 % S.L. (table 16).

Specimens examined.—139 of 11.0 to 136 mm.
S.L., from Bermuda, the Carolinas, southward
around Florida, into the Gulf of Mexico, and

throughout the Caribbean (fig. 40).

Sexual characters.—Sex was determined on 37

specimens, 15 males of 56.5 to 136 mm. S.L., and
22 females of 46.5 to 98 mm. S.L.

;
18 other speci-

mens of 36 to 53.5 mm. S.L. were either immature
or had gonads too small to be interpreted. Second-

ary sexual characters apparently are similar to

those of Stephanolepis hispidus, except that S.

setifer matures and secondary sexual characters

develop at smaller sizes. The females showed no

secondary sexual development. Females 62.5 to

98 mm. S.L. had large macroscopic ovarian eggs,

but females of 76.5 mm. and of 61.5 mm. S.L. and

smaller had microscopic eggs. Males 82.5 mm.
S.L. and larger had a patch of bristles on each side

of the caudal peduncle; smaller specimens lacked

this bristle patch. All males examined had the

second soft ray of the dorsal fin elongated : 5.5 mm.

longer than the other rays in the 56.5-mm. S.L.

male and more than 33 mm. longer in the 136-mm.

S.L. male. A 98.5-mm male had the third ray

elongated also, about one-half the extent of

elongation of the second ray.
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Amanses Gray 1833

Fraser-Brunner (1941) reduced Cantherines

Swainson 1839 to subgeneric rank within the

genus Amanses Gray 1833. The subgenus Aman-
ses reportedly possesses "A patch of long spines

on side between soft dorsal and anal fin, at least

in male." Since this feature has never been

reported for western North Atlantic monacan-

thids, A. pullus should be of the subgenus
Cantherines.

The pelvic spine of Amanses pvllus is fused to

the end of the barbed portion of the pelvic bone

that protrudes through the skin (fig. 5). It is

similar to the pelvic spine of Monacanthus and

Stephanolepis, but unlike the spine in those genera,

it is not movable, unless damaged. (With exces-

sive pressure the plane of fusion may part, and

the spine may be abnormally movable.)

Amanses pullus (Ranzani) 1842

(Figures 18, 26, 27, and 28)

Ranzani (1842) described Monacanthus pullus

from a large, blackish specimen without spines on

the caudal peduncle, from the coast of Brazil.

Cope (1871) described Monacanthus amphioxys
from a smaller, hghtly colored specimen, also

without caudal spines, from St. Martins Island in

the West Indies. The relationship of these two
nominal forms is still uncertain, but we believe the

forms are identical. The variation in color pat-
tern of specimens 38 to 148 mm. S.L. was described

by Clark (1950: p. 163) under the name of

Cantherines pullus. In addition to her observa-

tions, we have examined a large freshly preserved
female (158 mm. S.L., University of Florida 7266)
that has a black body and caudal fin and tlie other

fins pale or colorless. Larger specimens preserved
for a long time have brownish bodies and clear

fins.

Diagnostic characters.—Dorsal spines, 2. Dorsal

soft rays, 33 to 37; anal soft rays 29 to 32 (table

9). Pectoral spine, 1 rudimentary. Pectoral

soft rays, 12 to 14 (table 11). Pelvic spine, large
and not movable, fused to pelvic bone (fig. 5).

Gill slit, nearly vertical with respect to horizontal

body axis (fig. 4). First dorsal spine, inserted

over anterior part of eye on specimens 30 mm.
S.Ij. and larger (fig. 4). A deep groove present
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behind the dorsal spines into which they can be

depressed (fig. 27, B). Body depth, 38.6 to 49.3

% S.L. (table 12; fig. 37). Head length, 29.0 to

42.9 % S.L. (table 13). Snout length, 25.6 to

33.3 % S.L. (table 14). Eye diameter, 5.2 to

14.9 % S.L. (table 15). Eye to dorsal spine dis-

tance, 5.9 to 9.0 % S.L. (table 16).

Specimens examined.—99 of 17.5 to 325 mm.

S.L., from Massachusetts, southward along the

Atlantic coast, around the coast of Florida into

the Gulf of Mexico, the Bahamas, and throughout
the West Indies (fig. 39).

The specialized scalation and spination on

the caudal peduncle (usually a sex-associated

character) is not clearly understood. Two large

fresh specimens with orange-colored curved spines

on the peduncle have been reported to us (per-

sonal communications, Eugenie Clark, Cape Haze

Marine Laboratory, and Craig PhiUips, U.S. Fish

and Wildlife Service). The three largest speci-

mens examined have recurved spines on the

peduncle
—a 325-mm. S.L. male has 3 dorsal and

2 ventral strongly recurved spines on each side of

the peduncle; a 322-mm. male has 2 dorsal and 2

ventral spines similarly located (both of these

specimens have a patch of bristles extending

from the recurved spines onto the body); a 288-

mm. female has 2 dorsal and 2 anal spines on each

side of the peduncle, that are smaller and only

slightly recurved in comparison to the spines of

the males, and the patch of bristles on the pe-

duncle of this female is relatively smaller. A
182-mm. specimen (sex unknown) has 2 pairs of

large recurved spines and sparse patches of bristles

on each side of the peduncle. A 115-mm. speci-

men (sex unknown) has 2 pairs of small and only

slightly recurved spines on each side of the

peduncle. No other specimens of this species

examined had paired peduncle spines. Specimens
with patches of bristles on each side of the pe-

duncle included females 136 and 158 mm. S.L.,

males 124 and 136 mm. S.L., and sex unknown

105, 123, 127, 131, and 138 mm. S.L. Several

specimens between 100 and 142 mm. lacked these

bristle patciies, and no specimens less than 100

mm. had them. A 288-mm. female had large

ovaries but no macroscopic eggs, although females

of 158, 142, 136, and 136 mm. luul large macro-

scopic eggs.
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APPENDIX
FIGURES

Figure 1.—Diagram of a filefish showing measurements Figure 2.—Enlarged front view of upper part of head
used in this study. showing measurement from eye to insertion of dorsal

spine.
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ANQLt Of SILL OPENlNC

Sfephanolepis Stephanolepis

hispidus

"LINE OF ARTICULATION

Amanses
pullus

LINE OF FUSION

^Sa Alutera
<;#\ heudelotii

A heudelotit
37inm 5 L.

Figure 4.—Outlines of Stephanolepis, Amanses, and

Alutera, illustrating location of the pelvic spine, posi-

tional relation of the first dorsal spine to the eye, and

angle of the gill opening to the horizontal body axis.

Figure 5.—Pelvic spines: Stephanolepis hispidus, 38 mm.

S.L.; Amanses pullus, 36.5 mm. S.L.; and Alutera

heudelotii, 37 mm. S.L. The ratio of magnification of the

drawings is 1.0, 1.33, and 4.0.
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Alutera

schoepfii

68 mm. S.L.

Alutera
heudelotii

69.5 mm. S.L.

Figure 6.—Diagrammatic section of head region between

eye and nostrils, illustrating the relative number and

position of scale spines in this area: Alutera schoepfii,

68 mm. S.L.; Alutera heudelotii, 69.5 mm. S.L.

Figure 7.—Dorsal spines: Alutera schoepfii, 68 m
Alutera heudelotii, 69.5 mm. S.L.

m. S.L.;
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Sfephanolepis

hispidus

Monacanthus

ciliatus

10.5 mm

21 mm

33 mm

12.7 mm.

41 mm.

46.5 mm.

95mm.

105mm.

150 mm. J^

Figure 8.—Scales of Stephanolepis hispidus and Monacanthus ciliatus, illustrating development of the scale spines with

increase in body size. The drawings are semidiagrammatic and are not drawn to the same relative proportion.

Figure 9.—Alutera scripta, 31.0 mm. S.L. {Combat station 438).
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Figure 10.—Alutera schoepfii, 15.0 mm. S.L. (Gill cruise 2, regular station 6).

Figure U.—Alutera schoepfii, 32.5 mm. S.L. (Combat, Port Canaveral, Fla.).

Figure 12.—Alutera heudelotii, 30.5 mm. S.L. (Oregon station 1074, University of Florida 3829).

Figure 13.—Monacanthus tuckeri, 15.3 mm. S.L. (Acad-
emy of Natural Sciences of Philadelphia 84471).

Figure 14.—Monacanlhus ciliatus, 11.0 mm. S.L. (Silver

Bay station 476) .
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FiGiiRE 15.—Monacanthus ciliatus, 15.3 mm. S.L. {Gill

cruise 7, regular station 54) .

^^^^^^g^ Figure 18.—Amanses pullus, 17.5 mm. S.L. (Gill cruise

9, from stomach contents of Katsuwonus pelamis, Nov.

15, 1954; 1600).

FiGUBB 16.—Stephanolepis hispidus, 6.5 mm. S.L. (Gill

cruise 7, regular station 38) .

Figure 17.—Stephanolepis hispid^is, 15.2 mm. S.L. (Gill

cruise 8, regular station 48) .

Figure 19.—Top: Alutera monoceros, 53 mm. S.L. (U.S.

National Museum 117022). Bottom: Alulera scripta,

53 mm. S.L. (Gill cruise 8, regular station 52).

566129 0—61-
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"*»'*?,

,^ ^

Figure 20.—Top: Alutera scripta, 119 mm. S.L. Bottom:
Alutera monoceros, 122 mm. S.L. (Both from Combat

station 459.) Note differences in body depth, caudal

peduncle, and caudal-fin length.

FiGUBE 23.— Alutera schoepfiL Top: 126 mm. S.L. (Uni-

versity of Florida 2542). Bottom: 176 mm. S.L. (Uni-

versity of Florida C-9-2053-3). Body pigment spots
that are frequently present on A. schoepfii of this size

are not present on these two specimens.

Figure 21.—Alutera monoceros, 545 mm. S.L. {Silver Bay
station 1550).

Figure 22.—Alutera scripta, 377 mm. S.L. (U.S. National

Museum 170118).

Figure 24.—Alutera schoepfii, 317 to 343 mm. S.L.

(Tulane University 17106). Note variations in head

profile and in size and position of the eye in this species.
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Figure 25.—Alulera heudelotii, 230 mm. S.L. (Tulane Universitj' 16316). Note the small distance from eye to

dorsal spine.

Figure 26.—Amanses puUus, 45.5 to 58 mm. S.L. {Combat station 474). Note variation in pigmentation.
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Figure 27.—Amanses pullus, 158 mm. S.L. female

(University of Florida 7266). A. Lateral view. B.

Oblique view showing deep groove behind dorsal

spines.

Figure 28.—Amanses pullus, 322 mm. S.L. male (U.S.
National Museum 32096). Xote prominent patch of

bristles and pairs of large recurved spines on peduncle.
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Figure 30.—Monacanlhus ciliaius. Top: 92.5 mm. S.L.

female. Bottom: 103 mm. S.L. male. (Both Uni-

versity of Florida 3611.) Note larger, recurved spines
on caudal peduncle and black line on margin of ventral

flap of male.

Figure 31.—Top: Stephanolepis hispidus, 52.5 mm. S.L.

(Gill cruise 4, regular station 46). Bottom: Stephano-

lepis selifer, 55 mm. S.L. (Combat station 459). Note

small spots and dashes of pigment and bars on caudal

fin of S. selifer.
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Figure 32.—Left: Stephanolepis setifer (Stanford University Natural History Museum 4772). Standard length and sf\

from top to bottom, 101-mm. male, 95-mm. male, 98-mm. female, 96-mm. female. Right: Stephanolepis hispidiif:.

immature specimens (top two. Silver Bay station 1315, bottom two. University of Florida No. C-7-1253-4). Standard

lengths from top to bottom, 103, 83.5, 88.5, and 88 mm. Note intraspecific and interspecific variation in size of eye.

The elongated second ray of the two males of S. setifer is not clearly shown.
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Figure 33.—Stephanolepis hispidus. Top: 167 mm. S.L. female {Silver Bay station 1297). Bottom: 169 mm. S.L. male

(Silver Bay station 1210). Note the elongated second dorsal ray and patch of caudal peduncle bristles on the male,

absent on the female.
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Figure 36.—Relation of body depth to standard length for Monacanthus ciliatus and Monacanthus luckeri.
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40'

30'

20=

Alutera

o monoceros
• scripta
° heudelotii
• schoepfii

Figure 38.—General distribution of specimens examined of Ahdera monoceros, Alutera scripta, Alutera heudelotii, and

Alutera schoepfii.
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40'

Monacanthus
• ciliafus

— o tuckeri

Figure 39.—General distribution of specimens examined of Monacanthus ciliatus, Monacanthus tuckeri, and Aynanses

pullus.
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40'

30°

20°

Stephanolepis
 hispidus

a sefifer

100

Figure 40.—General distribution of specimens examined of Stephanolepis hispidus and Stephanolepis setifer. (No

attempt has been made to indicate all records where collecting stations were closely spaced.)
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-1 1 n r

V Stephonolepis
• hispidus

» selifer

^^^^

SX.

Figure 41.—Locations of specimens of Stephonolepis

hispidus and Stephanolepis setifer taken at the surface

off the southeastern Atlantic coast of the United States

by dip net and meter larvae net on cruises of the Gill,

Combat, and Silver Bay. The 20-fathom contour line is

represented by the line of dots. The approximate axis

of the Gulf Stream is represented by the line of dashes.

.^^

5 hispidus

m SPECIMENS T4KEN
o SPECIMENS NOT TAKEN

Figure 42.—Chart of the waters off North Carolina

showing the concentrated bottom-trawling stations made

by the Silver Bay in September 1959 and indicating the

stations at which Stephanolepis hispidus was taken

(black squares) and was not taken (open squares).
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Table 1.—Dorsal ray-anal ray relation for 10 specimens
of Alutera monoceros

Table 5.—Dorsal ray-anal ray relation for 62 specimens
of Monacauthus tuckeri

Dorsal soft rays

47 48 49 50

Dorsal soft rays

34 35 36 37

47
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FiouRE 9.—Dorsal ray-anal ray relation for 81 specimens
of Amanses puUus

33

Dorsal soft rays

34 35 36

£ 29

"o

- 31
a

^ 32

2
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Table 13.—Relation of head length to standard length in Monacanthidae of the western North Atlantic, by species and
millimeter intervals
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Table 15.- -Relation of eye diameter to standard length in Monacanthidae of the western North Atlantic, by species
and millimeter intervals
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C. SPECIMENS EXAMINED

The specimens examined are listed by species

and arranged generally from north to south along
the Atlantic coast of the United States, including
Bermuda and the Bahamas; then north, west, and
south around the Gulf of Mexico; next throughout
Cuba and the rest of the West Indies; and finally

southward through the Caribbean and to Brazil.

The few records from outside the western North
Atlantic are listed terminally on the individual

species lists.

The following abbreviations are used for col-

lections :

ANSP, Academy of Natural Sciences of Phila-

delphia; BLBG, U.S. Fish and Wildlife Service

Biological Laboratory, Brunswick, Ga.
; CAS,

California Academy of Sciences; CHML, Cape
Haze Marine Laboratory; FSBC, Florida State

Board of Conservation Marine Laboratory, St.

Petersburg, Fla.; SU, Stanford University Natiu-al

History Museum; TU, Tulane University; UF,
University of Florida; UNC, University of North
Carolina Institute of Fisheries Research; USNM,
U.S. National Museum.

The following abbreviations are used for collect-

ing methods, in those instances in which the

methods are definitely known :

D.N., dip net; M.L.N.
,
meter larval net; P.T.,

plankton tow; S.C., stomach contents of a larger

fish; Sn., seine; Tr., bottom trawl.

The following additional abbreviations are used :

•

Cr., cruise; Reg., regular station; Spc, special

station; Std., standard station; Sta., station; S.L.,

standard length.

Alutera monoceros

Woods Hole, Ma.ss., 22 Aug. 1898, (1 specimen) 114 mm.
S.L., USNM 85771 25 miles southwest of Cuttyhunk
Island, Mass., 17 Sept. 1935, (1) 144 mm. S.L., caught in

lobster pot, USNM 107273. ___34°05' N., 76°21' W., to

34°01' N., 76°18' W., Alhalross Cr. 31-A, Sta. 2, tow 2,

19 Jan. 1950, (1) 520 mm. S.L., Tr. 25-75 fathoms, USNM
152089.___34°05' N., 76°21' W., to 34°01' N., 76°18' W.,
Alhalross Cr. 31-A, Sta. 2, tow 2, 19 Jan. 1950, (1) 401 mm.
S.L., Tr. 25-75 fathoms, USNM 152090... .Kitty Hawk,
N.C., (1) 167 mm. S.L., USNM 163881. .-.30°34' N.,
80°17' W., Silver Bay Sta. 1550, 17 Jan. 1960, (1) 545 mm.
S.L., Tr. 22-21 fathoms, BLBG....26°47' N., 79°53' W.,
Combat Sta. 459, 28 July 1957, (1) 122 mm. S.L., D.N.y

BLBG....Tortugas, Fla., (3) 53.0-73.0 mm. S.L., collected

by W. H. Longley, USNM 11 7022.... Port of Fortaleza,

Mucuripe, Brazil, Mar. 1945, (1) 91.0 mm. S.L., SU 52309,
No. 558 Port of Fortaleza, Mucuripe, Brazil, June 1945,

(1) 78.0 mm. S.L., SU 52309, No. 841. ...Durban Harbor,

Durban, Natal, South Africa, 8 Aug. 1933, (1) 96.5 mm.
S.L., collected by H. W. B. Marley, Herre 1934 Exped.,
SU31365 China Sea, coast of Pahang, Malay Peninsula,
Nov. 1926, (2) 115 and 137 mm. S.L., collection of Fisheries

Dept. F. M. S., Herre 1934 E.xped., SU 30786.. ..Manado,
Indonesia, (1) 115 mm. S.L., USNM 126630.... Chame
Point, Pacific Panama, (1) 49.5 mm. S.L., collected by

Tweedlie, USNM 82059.

Alutera scripta

34°38' N., 74°46' W., Gill Cr. 2, Reg. 80, 12 May 1953,

(1 specimen) 62.5 mm. S.L., D.N., BLBG 34°14' N.,

76°03' W., Silver Bay, 15 Sept. 1959, (3) 78.5-103 mm.
S.L., D.N., BLBG....32°34' N., 77°48' W., Gill Cr. 8,

Reg. 52, 26 Sept. 1954, (1) 53.0 mm. S.L., D.N., BLBG..-.

Bermuda, (1) about 410 mm. S.L. (skin and skull only),

collected by G. B. Goode, USNM 21889. ..-31°57' N.,

78°09' W., Gill Cr. 3, Reg. 50, 6 Aug. 1953, (1) 39.5 mm.
S.L., D.N., BLBG.-..30°00' N., 80°10' W., Silver Bay Qia..

476, 18 June 1958, (1) 33.0 mm. S.L., M.L.N., BLBG....
29°40' N., 80°00' W., Gill Cr. 8, Reg. 18, 13 Sept. 1954,

(1) 35.0 mm. S.L., D.N., BLBG..-.29°38' N., 80°12' W.,
Combat Sta. 474, 14 Aug. 1957, (5) 64.0-73.0 mm. S.L.,

D.N., BLBG....29°38' N., 80°09' W., Silver Bay Sta. 471,

17 June 1958, (1) 46.0 mm. S.L., M.L.N., BLBG...-
29°29' N., 80°09' W., Combat Sta. 485, 18 Aug. 1957, (1)

66.0 mm. S.L., D.N., BLBG....29°29' N., 80°10' W.,

Combat Sta. 490, 19 Aug. 1957, (1) 99.0 mm. S.L., D.N.,
BLBG...-29°10' N., 80°19' W., to 29°19' N., 80°15' W.,

Combat Sta. 336 to Sta. 337, 1 June 1957, (1) 41.0 mm.

S.L., D.N., BLBG....28°18' N., 79°28' W., Gill Cr. 8,

Reg. 8, 12 Sept. 1954, (1) 39.0 mm. S.L., D.N., BLBG....
27°14' N., 79°50' W., Combat Sta. 462, 29 July 1957, (1)

53.5 mm. S.L., D.N., BLBG... .Jupiter Inlet, Fla., July

1958, (1) 27.0 mm. S.L., BLBG....26"'47' N., 79°53' W.,
Combat Sta. 459, 28 July 1957, (2) 119 and 128 mm. S.L.,

D.N., BLBG....25°11' N., 79°56' W., Combat Sta. 443,

22 July 1957, (1) 127 mm. S.L., D.N., BLBG....25°10'

N., 80°02' W., Combat Sta. 438, 22 July 1957, (3) 31.0-121

mm. S.L., D.N., BLBG....Tortugas, Fla., (1) 160 mm.

S.L., collected by W. H. Longley, USNM 117024....

Tortugas, Fla., (2) 70.5 and 121 mm. S.L., collected by
W. H. Longley, USNM 117023. ...Gulf of Mexico, 30

miles southwest of Boca Grande, Fla., 21 Oct. 1956, (1)

200 mm. S.L., CHML Destin, Fla., about June 1958,

(1) 163 mm. S.L., BLBG Choctawatchee Bay, Fla.,

June 1958, (1) 152 mm. S.L., BLBG..-.28°47' N., 87°56'

W., Oregon Sta. 1589, 23-24 July 1956, (2) 141 and 164 mm.

S.L., USNM 158763... .29°10' N., 88°08' W., Oregon Sta.

1525, 17 May 1956, (1) 67.0 mm. S.L., TU 11639....

28°45' N., 88°03' W., Oregon Sta. 1590, 24 July 1956, (2)

164 mm. S.L., UF.-..26°40' N., 92°00' W., Oregon Sta.

1035, 8 May 1954, (1) 145 mm. S.L., TU 10937.. ..24°50'

N., 92°35' W., Oregon Sta. 2198, 23-24 June 1958, (1) 107

mm. S.L., D.N., BLBG....20°50' N., 86°10' W., Oregon

Sta. 1297, 28 Apr. 1955, (1) 35.0 mm. S.L., D.N., USNM
159168 Cuba, 1914, (1) 244 mm. S.L., collected by
Henderson and Bartsch, USNM 82569.... Cuba, (1) 57.6

mm. S.L., collected by Poey, USNM 37466 Jamaica,

(1) 230 mm. S.L., collection of Institute of Jamaica, USNM
32041 Haiti, (1) 79.0 mm. S.L., collected by Beebe,
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USNM 178807.. -.Barbados, Antigua, (1) 377 mm. S.L.,

collection U. of Iowa Barbados-Antigua Exped. 1918,

USNM 170118 No data, presumably from western

North Atlantic, (1) 35.5 mm. S.L., BLBG Chame Point,

Pacific Panama, (2) 50.0-67.5 mm. S.L., USNM 82059

Ecuador, 16 Nov. 1919, (1) 52.0 mm. S.L., USNM
84042..-.No data, (1) 98.0 mm. S.L., USNM 83814.

Alutera schoepfii

Halifax, Nova Scotia, (1) 95.5 mm. S.L., collected by
Honeyman, USNM 22490 Woods Hole, Mass., Fish

Hawk, Aug. 1899, (1) 170 mm. S.L., USNM 120557.. __

Woods Hole, Mass., (1) 142 mm. S.L., USNM 34397

Woods Hole, Ma.ss., (2) 63.0 and 137 mm. S.L., USNM
1 19226.. _ .Vineyard Sound, Mass., 4 Oct. 1927, (2) 118

and 132 mm. S.L., USNM 107272 West Falmouth,

Mass., 22 Aug. 1899, (1) 126 mm. S.L., USNM 120556....

Buzzards Bay, Mass., (1) 117 mm. S.L., USNM 107263

New Bedford, Mass., (2) 96.0 and 102 mm. S.L., USFC
16542, TU 8911 Katama Bay, Mass., 19 Aug. 1938,

(1) 101 mm. S.L., USNM 107275.... Newport, R.I.,

(6) 131-160 mm. S.L., collected by S. Powell, USNM
20727 Newport, R.I., (1) 143 mm. S.L., collected by
S. Powell, USNM 20198.. .Long Island, N.Y., (1) 163

mm. S.L., collected by Jordan, SU 1959 Barnegat Bay,
Seaside Park, N.J., July-Aug. 1926, (1) 355 mm. S.L.,

coUected by B. A. Bean, USNM 120493 Carson's

Inlet, N.J., 9 Sept. 1916, (1) 196 mm. S.L., ANSP 46736.

...Bombay Hook, Del., 10 June 1884, (1) 407 mm. S.L.,

Sn., USNM 34977 Mouth of Great Wicinoco River,

Chesapeake Bay, Albatross, (1) 355 mm. S.L., USNM
33333 Mouth of Great Wicinoco River, Chesapeake
Bay, Albatross, (1) 390 mm. S.L., USNM 33332 Ocean

View, Norfolk, Va., 22 Oct. 1922, (2) 116 and 130 mm.
S.L., Sn., USNM 91 102.... Ocean View, Va., 1-5 Oct. 1922,

(4) 101-131 mm. S.L., Sn., USNM 91103.. ..34°58' N.,
75°54' W., Silver Bay Sta. 1258, 8 Sept. 1959, (1) 367 mm.
S.L., Tr. 13-14 fathoms, BLBG.-..34°53.5' N., 75°32'

W., to 34°54' N., 75°31' W., Albatross III, Cr. 31-A,
Sta. 17, 22 Jan. 1950, (1) 363 mm. S.L., 23 fathoms, USNM
152092.. ..34°50' N., 76°14' W., Silver Bay Sta. 1254,
8 Sept. 1959, (4) 194-355 mm. S.L., Tr. 12-11 fathoms,
BLBG....34°47' N., 76°20' W., Silver Bay Sta. 1252,
8 Sept. 1959, (2) 320 and 340 mm. S.L., Tr. 9-11 fathoms,
BLBG....34°44' N., 75°53' W., Silver Bay Sta. 1271,
12 Sept. 1959, (1) 402 mm. S.L., Tr. 17 fathoms, BLBG... .

34°39' N., 76°01' W., Silver Bay Sta. 1270, 12 Sept. 1959,

(1) 335 mm. S.L., Tr. 20 fathoms, BLBG....34°38' N.,
76°49' W., Silver Bay Sta. 1291, 22 Sept. 1959, (1) 263 mm.
S.L., Tr. 8-10 fathoms, BLBG....34°37' N., 77°01' W.,
Silver Bay Sta. 1311, 24 Sept. 1959, (1) 271 mm. S.L.,
Tr. 7 fathoms, BLBG....34°35' N., 76°23' W., Silver

Bay Sta. 1250, 7 Sept. 1959, (1) 328 mm. S.L., Tr. 11-10

fathoms, BLBG....34°35' N., 77°03' W., Silver Bay
Sta. 1310, 24 Sept. 1959, (4) 217-260 mm. S.L., Tr. 8

fathoms, BLBG.-..34°32' N., 76°33' W., Silver Bay
Sta. 1317, 27 Sept. 1959, (1) 303 mm. S.L., Tr. 8 fathoms,
BLBG....34°31' N., 76°53' W., Silver Bay Sta. 1239,
6 Sept. 1959, (1) 360 mm. S.L., Tr. 14-12 fathoms,
BLBG....34°31' N., 76°35' W., Silver Bay Sta. 1242,
6 Sept. 1959, (1) 223 mm. S.L., Tr. 9 fathoms, BLBG....

Cape Lookout, N.C., July 1912, (1) 345 mm. S.L., col-

lected by R. J. Coles, USNM 74300 Cape Lookout,

N.C., 22 Oct. 1927, (1) 72.0 mm. S.L., surface, USNM
111836.....34°29' N., 76°57' W., Silver Bay Sta. 1307,

24 Sept. 1959, (1) 360 mm. S.L., Tr. 12 fathoms, BLBG
34°27' N., 76°20' W., Silver Bay Sta. 1249, 7 Sept. 1959,

(1) 294 mm. S.L., Tr. 7 fathoms, BLBG....34°26' N.,

77°05' W., Silver Bay Sta. 1308, 24 Sept. 1959, (1) 348

mm. S.L., Tr. 9-10 fathoms, BLBG....34°25' N., 76°51'

W., Silver Bay Sta. 1294, 23 Sept. 1959, (2) 308 and 334

mm. S.L., Tr. 12-13 fathoms, BLBG....34°23' N.,

76°54' W., Silver Bay Sta. 1295, 23 Sept. 1959, (2) 309

and 352 mm. S.L., Tr. 13-15 fathoms, BLBG.. ..34°21'

N., 77°34' W., Silver Bay Sta. 1227, 4 Sept. 1959, (2) 240

and 293 mm. S.L., Tr. 7-8 fathoms, BLBG....34°16' N.,

77°34' W., Silver Bay Sta. 1226, 4 Sept. 1959, (1) 350 mm.

S.L., Tr. 8-7 fathoms, BLBG... .34°15' N., 76°36' W.,

Silver Bay Sta. 1236, 6 Sept. 1959, (1) 358 mm. S.L.,

Tr. 18 fathoms, BLBG....34°13' N., 76°48' W., Silver

Bay Sta. 1296, 23 Sept. 1959, (1) 366 mm. S.L., Tr. 17

fathoms, BLBG....34°09' N., 76°55' W., Silver Bay
Sta. 1230, 5 Sept. 1959, (2) 342 and 379 mm. S.L., Tr. 17

fathoms, BLBG 34°09' N., 76°35' W., Silver Bay Sta.

1297, 23 Sept. 1959, (2) 243 and 251 mm. S.L., Tr. 20

fathoms, BLBG..--34°07' N., 77°19' W., Silver Bay Sta.

1224, 4 Sept. 1959, (1) 372 mm. S.L., Tr. 13 fathoms,

BLBG....33°56' N., 77°20' W., Silver Bay Sta. 1215,

3 Sept. 1959, (4) 330-372 mm. S.L., Tr. 15 fathoms,

BLBG 33°47' N., 77°50' W., Silver Bay Sta. 1210,

2 Sept. 1959, (2) 136 and 355 mm. S.L., Tr. 8 fathoms,

BLBG 33°45' N., 76°50' W., Silver Bay Sta. 1218,

3 Sept. 1959, (6) 374-410 mm. S.L., Tr. 23-24 fathoms,

BLBG 33°41' N., 77°40' W., Silver Bay Sta. 1209,

2 Sept. 1959, (2) 309-332 mm. S.L., Tr. 11-12 fathoms,

BLBG....33°32' N., 77°30' W., Silver Bay Sta. 1208,

2 Sept. 1959, (3) 300-358 mm. S.L., Tr. 14 fathoms,

BLBG...-32°54' N., 77°04' W., Gill Cr. 3, Reg. 61, 10

Aug. 1953, (1) 20.5 mm. S.L., D.N., BLBG....32°24'

N., 78°45' W., Gill Cr. 8, Reg. 48, 25 Sept. 1954, (1) 23.0

mm. S.L., D.N., BLBG Charleston, S.C, (1) 124 mm.

S.L., collected by J. C. Mitchell, USNM 30727

Bermuda, (1) 365 mm. S.L., USNM 23859... .31 °00' N.,

80°23' W., Gill Cr. 4, Reg. 32, 16 Oct. 1953, (1) 26.5 mm.

S.L., D.N., BLBG Commercial Trawling Area, Bruns-

wick, Ga., 9-13 Apr. 1956, (1) 187 mm. S.L., Tr., BLBG
Commercial Trawling Area, Brunswick, Ga., 23 Sept. 1956,

(1) 96.0 mm. S.L., Tr., BLBG.-..30°20' N., 80°36' W.,
Gill Cr. 7, Reg. 25, 26 June 1959, (1) 22.5 mm. S.L.,

D.N.,BLBG....29°32' N., 80°25' W., Combat Sta. 348,

2 June 1957, (1) 355 mm. S.L., Tr. 22 fathoms, BLBG
Port Canaveral Anchorage, Fla., Combat, 28-29 Apr. 1957,

(1) 32.5 mm. S.L., D.N.
,
BLBG... .Jupiter Inlet, Fla.,

Sept.-Nov. 1958, (3) 22.7-33.0 mm. S.L., UF Jupiter

Inlet, Fla., Aug. 1958, (1) 68.0 mm. S.L., UF Jupiter

Inlet, Fla., June 1958, (1) 377 mm. S.L., UF....27°04'

N., 80°04' W., Gill Cr. 2, Reg. 5, 23 Apr. 1953, (1) 15.0

mm. S.L., D.N., BLBG Biscayne Bay, Fla., Launch

58, 5 Sept. 1938, (1) 126 mm. S.L., Tr., USNM 155986....

Tortugas, Fla., (5) 27.5-62.5 mm. S.L., collected by
W. H. Longley, USNM 11 7026.... Cape Haze, Fla., 2

July 1958, (1) 49.0 mm. S.L., CHML....Gasparilla Bay,
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Fla., (1) 337 mm. S.L., CHML GaspariUa Bay, Fla.,

(1) 233 mm. S.L., CHML GaspariUa Sound, Placida,

Fla., 10 May 1955, (1) 197 mm. S.L., CHML._. .Gas-

pariUa Sound, Placida, Fla., 9 Apr. 1956, (1) 187 mm.
S.L., CHML GaspariUa Sound, Placida, Fla., 26 May
1958, (1) 250 mm. S.L., TU 18493. -._Lemon Bay, Fla.,

28 Sept. 1955, (1) 98.0 mm. S.L., CHML Lemon Bay,

Fla., summer 1956, (1) 95.0 mm. S.L., CHML Lemon

Bay, Fla., May 1957, (1) 41.0 mm. S.L., CHML
Englewood Beach, Fla., 26 Aug. 1956, (1) 30.0 mm. S.L.,

CHML Pass-a-Grille to Venice, Fla., 10-11 Feb. 1958,

(1) 306 mm. S.L., FSBC VGS 58-41._..Egmont Key,
Fla., 23 Mar. 1958, (12) 218-257 mm. S.L., TU 17941.__.

Mullet Key, Boca Ciega Bay, Fla., 4 June 1958, (1) 64.0

mm. S.L., FSBC VGS 58-152 Bird Key, Boca Ciega

Bay, Fla., 7 July 1958, (2) 89.0 and 95.0 mm. S.L., FSBC
VGS 58-181 Bird Key, Boca Ciega Bay, Fla., 7 July

1958, (1) 273 mm. S.L., FSBC VGS 58-276. .._ City dock,

Clearwater, Fla., 5 Aug. 1948, (1) 96.0 mm. S.L., pole-

and-line, USNM Cedar Keys, Fla., 18-20 Aug. 1949,

(2) 62.5 and 93.5 mm. S.L., UF Cedar Keys, Fla.,

7 Nov. 1950, (1) 73.0 mm. S.L., UF.,..Piney Point,
Cedar Keys, Fla., 7 June 1950, (2) 37.0-38.5 mm. S.L.

UF.__-Cedar Keys, Fla., 3 Oct. 1953, (1) 190 mm. S.L.,

UF C-10-353-4 Cedar Keys, Fla., 20 Sept. 1953, (2)

158 and 176 mm. S.L., UF C-9-2053-3.... Cedar Keys,

Fla., 20 Sept. 1953, (1) 159 mm. S.L., UF.__-Cedar Keys,

Fla., 6 Sept. 1953, (1) 126 mm. S.L., UF 2542 Cedar

Keys, Fla., 16 Aug. 1953, (1) 103 mm. S.L., UF C-8-
1653-5 Cedar Keys, Fla., 25 July 1953, (3) 60.0-96.0

mm. S.L., UF C-7-2553-4.... Cedar Keys, Fla., 12 July

1953, (1) 98.0 mm. S.L., UF C-7-1253-5.___Cedar Keys,
Fla., 12 July 1953, (1) 80.5 mm. S.L., UF C-7-1253-1....
Cedar Keys, Fla., 12 July 1953, (1) 118 mm. S.L., UF
C-7-1253-4 Cedar Keys, Fla., 12 July 1953, (2) 91.0

and 165 mm. S.L., UF C-7-1253-7 Cedar Keys, Fla.,

12 July 1953, (1) 68.0 mm. S.L., UF 2475 Cedar Keys,

Fla., 1 July 1953, (1) 64.0 mm. S.L., UF 2457. _._ Cedar

Keys, Fla., 28 June 1953, (4) 47.0-81.5 mm. S.L., UF
C-6-2853-3 Cedar Keys, Fla., 28 June 1953, (1)

59.0 mm. S.L., UF C-6-2853-l.__ .Cedar Keys, Fla.,

30 June 1954, (1) 85.5 mm. S.L., UF C-6-3054-6. _ _ .

Cedar Keys, Fla., 15-16 Aug. 1955, (3) 47.0-72.5 mm.
S.L., TU 11953 Cedar Keys, Fla., 11-13 June 1957,

(39) 46.5-73.0 mm. S.L., USNM 176239 Cedar Keys,

Fla., 23 Nov. 1957, (1) 86.5 mm. S.L., UF..._Destin,

Fla., Nov. 1956, (1) 213 mm. S.L., UF..._Fort Walton

Beach, Fla., Nov. 1956, (1) 325 mm. S.L., UF._._Pensa-

cola, Fla., (1) 185 mm. S.L., CAS C87 3519. __ .Florida,

Orian, (1) 126 mm. S.L., collected by B. A. Bean and
J. A. Pine, USNM 62555.. ._28°47' N., 87°56' W., Oregon
Sta. 1589, 23-24 July 1956, (1) 68.5 mm. S.L., D.N.,
USNM 158763.... 28 °44' N., 88°08' W., Oregon Sta.

1583, 20-21 July 1956, (1) 59.0 mm. S.L., D.N., UF....
29°22' N., 88°48' W., Oregon Sta. 1109, 15 June 1954,

(5) 317-343 mm. S.L., TU 17106.... Mississippi coast,

(1) 124 mm. S.L., USNM 147796.... Grand Isle, La.,

(n 119 mm. S.L., USNM 125803.... Oyster Bayou,
Terrebonne County, La., June-July 1954, (1) 60.5 mm.
S.L., TU 9039....Freeport, Tex.,' Jan.-May 1947, (1)

309 mm. S.L., USNM 147808.... Aransas Pass, Tex.,

11 Oct. 1926, (1) 35.8 mm. S.L., USNM 156000....

Aransas Pass, Tex., 5-7 June 1954, (4) 32.3-51.3 mm.
S.L., TU 11781 Harbor Island, Corpus Christi, Tex.,
5 Oct. 1926, (2) 74.5 and 78.0 mm. S.L., USNM 156002

Corpus Christi, Tex., (1) 72.0 mm. S.L., USNM 94553

Corpus Christi, Tex., (1) 140 mm. S.L., USNM 94554

Hahia Honda, Cuba, 5 June 1914, (1) 272 mm. S.L.,

collected by Henderson and Bartsch, USNM 82568

Hahia Honda, Cuba, 5 June 1914, (1) 283 mm. S.L.,

collected by Henderson and Bartsch, USNM 82567

Kingston, Jamaica, (1) 290 mm. S.L., SU 11808

Jamaica, B.W.I., (3) 105-170 mm. S.L., collected by
J. S. Roberts, SU 4880 Jamaica, (1) 134 mm. S.L.,

collected by Adams, USNM 4910 Bizoton Wharf,

Haiti, (1) 65.0 mm. S.L., collected by Beebe, USNM
178063 Bizoton, Haiti, (10) 25.0-53.5 mm. S.L., col-

lected by Beebe, USNM 178917 Haiti, (1) 92.5 mm.
S.L., collected by Beebe, USNM 178055 Off Nicaragua,

Oregon, (1) 237 mm. S.L., USNM 159204.... Chiriqui

Lagoon, Atlantic Panama, 12 July 1933, (1) 37.5 mm.
S.L., USNM 178916 Fox Bay, Colon, Atlantic Panama,
5 Jan. 1911, (2) 91.5 and 115 mm. S.L., USNM 81516

Colon, Panama, summer 1916, (1) 132 mm. S.L., ANSP
49071 Brazil, Albatross, (1) 67.5 mm. S.L., USNM
43291 No data, presumably from western North

Atlantic, (1) 328 mm. S.L., BLBG No data, presumably
from western North Atlantic, (1) 44.0 mm. S.L., BLBG
No data, (1) 184 mm. S.L., USNM 91471 No data,

(2) 120 and 121 mm. S.L., USNM 91472 No data,

(1) 130 mm. S.L., USNM 91469 No data, (1) 151

mm. S.L., USNM 91470.

Alutera heudelotii

Off southern Massachusetts, Nov. 1949, (1) 158 mm.
S.L., USNM 148340.—North Carolina coast. Albatross III

Cr. 31-B, Jan.-Feb. 1950, (1) 240 mm. S.L., USNM
152043. ...84°45'20" N., 75°38'10" W., Albatross Sta.

2599, 18 Oct. 1885, (1) 29.2 mm. S.L., USNM 131492

34°45' N., 75°38' W., Combat Sta. 386, 17 June 1957, (1)

125 mm. S.L., Tr. 45 fathoms, BLBG....34°39' N.,

76°01' W., Silver Bay Sta. 1270, 12 Sept. 1959, (3) 140-172

mm. S.L., Tr. 20 fathoms, BLBG...-34°38'30" N.,

75°33'30" W., Albatross Sta. 2603, 18 Oct. 1885, (1) 27.0

mm. S.L., USNM 131596.... 34°05' N., 76°21' W., to

34°01' N., 76°18' W., Albatross III Cr. 31-A, tow 2, (1)

220 mm. S.L., Tr. 25-75 fathoms, USNM 152091. ...33°29'

N., 77°22' W., Silver Bay Sta. 1205, 1 Sept. 1959, (1) 232

mm. S.L., Tr. 16-20 fathoms, BLBG....33°2]' N.,

77°24' \V., Silver Bay Sta. 1204, 1 Sept. 1959, (1) 171 mm.

S.L., Tr. 15-16 fathoms, BLBG... -Bermuda, (1) 69.5

mm. S.L., collected by Beebe, USXM Miami, Fla.,

24 Oct. 1953, (1) 78.0 mm. S.L., CHML.... 25° 10' N.,

80°02' W., Co77ibat Sta. 438, 22 July 1957, (6) 31.0-108

mm. S.L., D.N., BLBG.._.24°13' N., 81°42' W., Combat

Sta. 436, 21 July 1957, (1) 69.5 mm. S.L., BLBG....

Tortugas, Fla., (2) 71.5 and 92.5 mm. S.L., collected by

W. H. Longley, USNM 117025.. ..Tortugas, Fla., (4)

42.5-54.0 mm. S.L., collected by W. H. Longley, USNM
88106 Channel west of White Shoal, Tortugas, Fla.,

22 June 1932, (1) 78.5 mm. S.L., USNM 109177 (lecto-

type) Channel west of White Shoal, Tortugas, Fla.,
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22 June 1932, (5) 48.5-63.5 mm. S.L., USNM 109178,

(paratypes) Tortugas, J^la., (7) 29.7-69.5 mm. S.L
,

collected by W. H. Longley, USXM 117027 Tortuga.s,

Fla., mid-April 1956, (1) 165 mm. S.L., CHML
Tortugas, Fla., June-Aug. 1926, (1) 60.0 mm. S.L.,

USXM 88105.. ..26°n' N., 82°48' W., Oregon Sta. 987,
7 Apr. 1954, (1) 121 mm. S.L., Tr. 20 fathoms, UF 3880

28°23' N., 84°49' W., Oregon Sta. 916, 10 Mar. 1954, (1)

131 mm. S.L., Tr. 37 fathoms, UF 3603.,__28°22' N.,

84°53' W., Oregon Sta. 917, 10 Mar. 1954, (3) 131-136 mm.
S.L., Tr. 48 fathoms, TU 13180.. __29°07' N., 84°54' W.,

Oregon Sta. 890, 7 Mar. 1954, (1) 206 mm. S.L., Tr. 19

fathoms, UF 3588 29°00' N., 85°02' VV., Orego7i Sta.

891, 7 Mar. 1954, (1) 173 mm. S.L., Tr. 21 fathoms, UF
3648....29°36' N., 86°01' W., Silver Bay Sta. 159, 23

Aug. 1957, (2) 136 and 198 mm. S.L., Tr., USNM....
28°47' N., 87°56' W., Oregon Sta. 1589, 23-24 July 1956,

(1) 40.0 mm. S.L., USNM 158763 27°55' N., 88°b5' W.,

Oregon Sta. 1139, 24 July 1954, (1) 50.0 mm. S.L., TU
13164._._29°20' N„ 88°26' W., Silver Bay Sta. 14, 1 July

1957, (1) 230 mm. S.L., TU 16316. ..-27°35' N., 89°35' W.,

Oregon Sta. 1133, 22 July 1954, (1) 33.0 mm. S.L., TU
13032.... 28° 10' N., 94°05' W., Silver Bay Sta. 9, 29 June

1957, (1) 211 mm. S.L., TU 16270.. ..28°12' N., 94°10' W.,
Silver Bay Sta. 8, 29 June 1957, (.1) 220 mm. S.L., TU
16256. ...28°28' N., 94°20' W., Silver Bay Sta. 6, 25 June

1957, (1) 204 mm. S.L., TU 16230 28°02' N., 94°39' W.,

Oregon Sta. 143, 21 Nov. 1950, (1) 102 mm. S.L., TU
2021....24°00' N., 96°50' W., Oregon Sta. 1074, 25 May
1954, (1) 30.5 mm. S.L., D.N., UF 3829..._18°43' N.,

93°30' W., Oregon Sta. 1060, 16 May 1954, (1) 81.0 mm.
S.L., UF._._24°50' N., 92°35' W., Oregon Sta. 2198, 23-24
June 1958, (5) 31.5-43.0 mm. S.L., D.N., BLBG....
Ambergris Cay, Yucatan, (1) 136 mm. S.L., USNM
79247.... Recife, Brazil, (2) 188 and 195 mm. S.L.,

SU 52306.

Monacanthus ciliatus

Off Georges Bank, Mass., Caryn, (1 specimen) 30.3 mm.
S.L., BLBG....35°08' N., 75°22' \V., Gill Cr. 8, Reg. 78,

29 Sept. 1954, (1) 18.0 mm. S.L., D.N., BLBG....34°32'

N., 75°53' \V., Silver Bay Sta. 1268, 11 Sept, 1959, (1)

77.5 mm. S.L., Tr. 31-30 fathoms, BLBG 34°10' N.,
77°30' W., Gill Cr. 8, Reg. 67, 28 Sept. 1954, (1) 16.2 mm.
S.L., D.N., BLBG..._34°04' N., 76°14' W., Gill Cr. 7,

Reg. 71, 10 July 1954, (1) 23.8 mm. S.L., D.N., BLBG....
33°45' N., 76°50' W., Silver Bay Sta. 1218, 3 Sept. 1959,

(7) 43.0-85.5 mm. S.L., Tr. 23-24 fathoms, BLBG....
33°32' N., 77°30' W., Silver Bay Sta. 1208, 2 Sept. 1959,

(4) 41.6-51.1 mm. S.L., Tr. 14 fathoms, BLBG 33°29'

N., 77°22' W., Silver Bay Sta. 1205, 1 Sept. 1959, (2) 72.5
and 77.0 mm. S.L., Tr. 16-20 fathoms, BLBG....33°29'
N., 76° 40' W., Gill Cr. 3, Reg. 64, 11 Aug. 1953, (3)

21,0-21.5 mm. S.L., D.N., BLBG..-.33°17' N., 78°38'

\V., Gill Cr. 8, Reg. 55, 26 Sept. 1954, (15) 15.5-21.5 mm.
S.L., D.N., BLBG....33°03' N., 78°21' VV., Gill Cr, 7,

Reg. 54, 4 July 1954, (1) 15.3 mm. S.L., D.N., BLBG
33°03' N., 78°21' W., Gill Cr. 8, Reg. 54, 26 Sept. 1954, (1)
24.6 mm. S.L., D.N., BLBG....32°56' N,, 78°06' W.,
Combat Sta. 283, 19 Apr. 1957, (1) 101 mm. S.L., Tr. 50

fathoms, BLBG... .32°54' N., 77°04' \V., Gill Cr. 3,

Reg. 61, 10 Aug. 1953, (2) 21,7 and 21.8 mm. S.L., D.N.,
BLBG....32°60' N., 77°27' W., Combat Sta. 295, 21 Apr.

1957, (2) 23.9 and 25.8 mm. S.L., D.N., BLBG....32°24'

N., 78°45' \V., Gill Cr. 8, Reg. 48, 25 Sept. 1954, (1) 18.5

mm. S.L., D.N,, BLBG Bermuda, (1) 51.0 mm. S.L.,

collected by J. M. Jones, USNM 21249 Bermuda, (1)

51.0 mm. S.L,, collected by Beebe, USNM 178766

Castle Roads, Bermuda, 11-12 Sept. 1931, (6) 23.7-43.0

mm. S.L., dredge 12-20 ft., USNM 178785 Nonsuch,

Bermuda, (6) 39.5-52,0 mm. S,L., collected by Beebe,
USNM 178862 Nonsuch, Bermuda, 18 Oct. 1930, (4)

35.6-43.5 mm. S.L., USNM 178859.. ..31°00' N., 80°23'

\V., Gill Cr. 4, Reg. 32, 16 Oct. 1953, (2) 19.0-24.0 mm.
S.L., D.N., BLBG....30°00' N., 80°10' \V., Silver Bay
Sta. 476, 18 June 1958, (26) 11.0-21.9 mm. S.L., M.L.N.,
BLBG....29°48' N., 80°12' W., Silver Bay Sta. 470,

17 June 1958, (14) 15.7-19.5 mm. S.L., D.N., BLBG
29°38' N., 80°09' W., Silver Bay Sta. 471, 17 June 1958,

(25) 12.4-20,1 mm. S.L., M.L,N., BLBG....29°29' N.,

80°09' VV., Combat Sta. 485, 18 Aug. 1957, (4) 14.0-18.7

mm. S.L., D.N., BLBG._._29°26' N., 80°08' VV„ Combat

Sta. 315, 27 Apr. 1957, (2) 16.5-16.8 mm. S.L., D.N.,
BLBG....29°19' N., 80°18' VV., Combat Sta. 339, 1 June

1957, (1) 109 mm. S.L., Tr. 25 fathoms, BLBG
29°10' N., 80°19' W., Combat Sta. 336, 1 June 1957, (1)

21.2 mm. S.L., D.N., BLBG..._29°00' N., 79°26' VV.,

Gill Cr. 4, Reg. 16, 14 Oct. 1953, (1) 24,3 mm. S.L., D.N.,
BLB<5...-28°58' N., 80°13' VV,, Combat Sta. 333, 1 June

1957, (1) 107 mm. S.L., Tr. 30 fathoms, BLBG 28°19'

N., 79°26' W., Gill Cr. 3, Reg. 8, 26 July 1953, (2) 18.0

and 20.5 mm. S.L., D.N., BLBG..-.28n5' N., 77°01'

W., Gill Cr. 9, Spc. 6-7, 5 Nov. 1954, (1) about 23 mm.
S.L., S.C. of Thunnus albacares (Bonnaterre) BLBG
28°09' N., 79°21' W., Gill Cr. 7, Spc. 9 to Reg. 8, 24 June

1954, (1) S.C. of Thunnus allanlicus (Lesson), BLBG
27°36' N., 83°40' VV., Oregon Sta. 935, 18 Mar. 1954, (1)

111 mm. S.L., Tr. 27 fathoms, UF 3665....27°34' N.,

80°04' W., Gill Cr. 7, Reg. 4-5, 23 June 1954, (1) 15.5 mm.
S.L., S.C. oi Euthynnus alletleralus (Rafinesque) BLBG
27°14' N., 79°50' VV., Combat Sta. 462, 29 July 1957, (1)

22,0 mm. S.L., D.N., BLBG....27°01' N., 80°04' W.,
Gill Cr. 2, Reg. 3, 23 Apr. 1953, (3) 15.3-19.9 mm. S.L.,

D.N., BLBG Settlement Point, Grand Bahama Island,

Gill Cr. 8, 29 Aug. 1954, (15) 13.6-21,5 mm. S.L,, D,N.,
BLBG._..26°47' N., 79°53' VV., Combat Sta. 459, 28 July

1957, (3) 23.0-25.0 mm. S.L., D,N., BLBG 26°45'

N., 78°55' W., Gill Cr. 4, 3 Oct 1955, 1600, (1) about 15

mm. S.L., S.C. of Thunnus atlanticus, BLBG 26°45'

N., 78°55' W., Gill Cr. 4, 3 Oct. 1955, 1555, (2) about 17

mm. S.L., S.C, of Thunnus atlanticus, BLBG Hawks
Bill Creek, Grand Bahama Island, Gill Cr. 4, 3 Oct. 1953,

1900-2100, (6) 12,8-22.7 mm. S.L., D.N., BLBG
Hawks Bill Creek, Grand Bahama Island, Gill Cr. 4,

3 Oct. 1953, 2130-2330, (1) 21.8 mm. S.L., D.N., BLBG....
26°09' N., 78°12' VV., Gill Cr. 7, 22 June 1954, (1) 16.5

mm. S.L., S.C. of Thunnus atlanticus, BLBG 26°05'

N., 78°12' W., Gill Cr. 4, Nassau to Reg. 1,11 Oct. 1953,

(6) about 12-18 mm. S.L., S.C. of Sphyraena barracuda

(VValbaum), BLBG Hatchet Bay, Eleuthera Island,

Bahamas, (1) 93,5 mm. S.L., UF 3504,. ..25° 16' N,,

80°07' VV., Combat Sta. 457, 26 July 1957, (11) 14.8-20.7
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mm. S.L., D.N., BLBG....25°13' N., 80°10' W., Combat

Sta. 455, 26 July 1957, (5) 16.0-18.7 mm. S.L., D.N.,
DLBG..__25n3' N., 80°10' W., Combat Sta. 455, 26

July 1957, (1) 39.0 mm. S.L., D.N., BLBG._..25°10' N.,

80°02' W., Combat Sta. 438, 22 July 1957, (7) 16.5-29.5

mm. S.L., D.N., BLBG.___24°04' N., 79°15' W., Combat

Sta. 448, 24 July 1957, (1) 13.5 mm. S.L., D.N., BLBG._._

Key West, Fla., (11) 39.0-58.0 mm. S.L., collected by
D. S. Jordan, SU 2358 Pulaski Light, near Tortugas,

Fla., (1) 100 mm. S.L., UF Tortugas, Fla., Apr. 1956,

(2) 95.0-102 mm. S.L., CHML West of Loggerhead

Key, Fla., (4) 75.5-87.0 mm. S.L., Ur.___Sanibel Island,

Fla., 14 Aug. 1959, (10) 27.6-51.5 mm. S.L., BLBG.__.
Sanibel Island, Fla., 19 Aug. 1959, (4) 47.5-58.0 mm. S.L.,

BLBG._.. Cedar Keys, Fla., Sept.-Oct. 1948, (18) 17.3-

69.5 mm. S.L., UF 730 Cedar Keys, Fla., 8-9 Oct.

1948, (1) 34.4 mm. S.L., UF Cedar Keys, Fla., 16

Aug. 1953, (18) 25.4-54.7 mm. S.L., UF C-8-1653-4.___

Cedar Keys, Fla., 6 Sept. 1953, (1) 41.6 mm. S.L., UF
C-9-653-4 Cedar Keys, Fla., 20 Sept. 1953, (1) 64.0

mm. S.L., UF C-9-2053-3..-. Cedar Keys, Fla., 1 Nov.

1953, (3) 21.1-57.0 mm. S.L., UF C-ll-153-2.__. Cedar

Keys, Fla., 13 Nov. 1953, (1) 57.5 mm. S.L., UF C-U-
1353-6.___ Cedar Keys, Fla., 30 June 1954, (1) 40.6 mm.
S.L., UF C-6-3054-5.... Cedar Keys, Fla., (17) 30.9-

51.3 mm. S.L., UF....27°30' N., 84°14' W., Oregon Sta.

937, 18 Mar. 1954, (4) 92.5-103 mm. S.L., Tr. 38 fathoms,
UF 3611.___22°13' N., 89°43' W., Silver Bay Sta. 404,

12 May 1958, (1) 92.5 mm. S.L., Tr. 25 fathoms, USNM... _

22°23' N., 89°44' W., Oregon Sta. 2174, 11-12 May 1958,

(30) 12.7-21.8 mm. S.L., D.N., USNM.__-24°50' N.,

92°35' W., Oregon Sta. 2198, 23-24 June 1958, (1) 23.3

mm. S.L., D.N., BLBG Jamaica, (3) 66.0-85.0 mm.
S.L., collected by J. S. Roberts, SU 4857 Bizoton,

Haiti, 3 Feb. 1927, (1) 42.0 mm. S.L., Sn., USNM
178538 St. Thomas, Virgin Islands, (1) 45.0 mm. S.L.,

collected by Beebe, USNM 178812 Pointe-a-Pitre,

Guadaloupe, May 1946, (1) 33.5 mm. S.L., USNM
132624 English Harbor, Antigua, Leeward Islands,

(1) 61.0 mm. S.L., USNM 170300 Martinique, West

Indies, 17 Apr. 1937, (1) 50.0 mm. S.L., collection of

Smithsonian Institute Hartford Exped., USNM 117429

Union Island, Grenadines, (1) 19.5 mm. S.L., collected by
Beebe, USNM 169962.___15°57' N., 82°06' W., Oregon
Sta. 1935, 15 Sept. 1957, (1) 72.0 mm. S.L., USNM
185267. .-.07°55' N., 57°27' W., Oregon Sta. 2247, 31

Aug. 1958, (4) 70.5-77.5 mm. S.L., Tr. 44-37 fathoms,
BLBG. ..-(23) 36.3-71.6 mm. S.L., SU 1958 No data,

presumably from western North Atlantic, (2) 61.0 and
80.0 mm. S.L., BLBG.

Monacanthus tuckeri

Castle Roads, Bermuda, 11-12 Sept. 1931, (7) 25.0-43.0

mm. S.L., dredge 12-20 ft., USNM 178785.... 33°29' N.,

76°40' W., Gill Cr. 3, Reg. 64, 11 Aug. 1953, (1) 21.4 mm.
S.L., D.N., BLBG Nonsuch, Bermuda, 18 Oct. 1930,

(3) 30.5-51.0 mm. S.L., USNM 178859.. _ .Nonsuch,
Bermuda, (1) 55.5 mm. S.L., collected by Beebe, USNM
178862 Bermuda, (2) 36.0 and 43.0 mm. S.L., collected

by J. M. Jones, USNM 21249._-.29°38' N., 80°09' W.,
Silver Bay Sta. 471, 17 June 1958, (1) 17.Q mm. S.L.,

M.L.N., BLBG Settlement Point, Grand Bahama
Island, Gill Cr. 8, 29 Aug. 1954, (5) 17.4-23.0 mm. S.L.,

D.N., BLBG....26°45' N., 78''55' W., Gill Cr. 4, 3 Oct.

1953, 1600, (1) about 20 mm. S.L., S.C. of Thunnus
atlanticus (Lesson), BLBG Hawks Bill Creek, Grand
Bahama Island, Gill Cr. 4, 3 Oct. 1953, 1900-2100, (2)

17.9 and 18.7 mm. S.L., D.N., BLBG Hawks Bill

Creek, Grand Bahama Island, Gill Cr. 4, 3 Oct. 1953,

2130-2330, (4) 16.7-20.3 mm. S.L., D.N., BLBG
26°30' N., 78°40' W., Gill Cr. 4, 3 Oct. 1953, 1730, (1)

about 18 mm. S.L., S.C. of Thunnus atlanticus, BLBG
25°56.5' N., 77°54' W., Gill Cr. 7, 22 June 1954, (1) about

20 mm. S.L., S.C. of Katsuwonus pelamis (Linnaeus),
BLBG....25°20' N., 77°15' W., Gill Cr. 6, 19 Apr. 1954,

(1) 21.0 mm. S.L., S.C. of Coryphaena hippurus Linnaeus,
BLBG Nassau Harbor, Bahamas, 20 Apr. 1958, (3)

15.3-17.2 mm. S.L., ANSP 84471 New Providence,

Hog Island, Bahamas, 22 Mar. 1952, (2) 51.5 and 53.0

mm. S.L., ANSP 72669. ...Hog Island, Bahamas, 25

Apr. to 3 May 1957, (3) 16.0-24.0 mm. S.L., ANSP
84482 Periwinkle Rock, Rose Island, Bahamas, 4 Aug.

1955, (3) 49.0-56.5 mm. S.L., ANSP 84478 Rose

Island, Bahamas, 31 July 1955, (13) 20.8-50.5 mm. S.L.,

ANSP 84481 Andros Island, Bahamas, (1) 18.7 mm.
S.L., collected by P. Cloud, USNM 174977.. ..Antigua,
Leeward Islands, 20 Apr. 1958, (1) 22.5 mm. S.L., dredge,

USNM 183569 St. Croix, Virgin Islands, West Indies,

(4) 20.3-23.3 mm. S.L., CAS 12403.

Stephanolepis hispidus

Georges Bank, Caryn, (19) 13.8-46.5 mm. S.L., collected

by B. B. Leavitt, BLBG Newport, R.I., (1) HI mm.

S.L., collected by S. Powell, USNM 21631. -..36°30' N.,

74°33' W., Albatross, (2) 22.5 and 33.0 mm. S.L., USNM
38330.... 34°58' N., 75°54' W., Silver Bay Sta. 1258, 8

Sept. 1959, (1) 86.3 mm. S.L., Tr. 13-14 fathoms,
BLBG....34°56' N., 75°56' W., Silver Bay Sta. 1257,

8 Sept. 1959, (3) 82.5-173 mm. S.L., Tr. 13-14 fathoms,
BLBG.._.34°45' N., 75°38' W., Combat Sta. 386, 17 June

1957, (1) 137 mm. S.L., Tr. 40 fathoms, BLBG....34°44'

N., 75°53' W., Silver Bay Sta. 1271, 12 Sept. 1959, (1)

59.6 mm. S.L., Tr. 17 fathoms, BLBG Beaufort Inlet,

N.C., 17 July 1954, (1) 67.5 mm. S.L., UNC 2237....

Beaufort Inlet to Cape Lookout, N.C., Sept. 1956, (5)

79.0-93.5 mm. S.L., UNC 889 Newport River Narrows,
Carteret County, N.C., 8 July 1955, (11) 58.0-74.5 mm.

S.L., UNC 210... -River's Island, N.C., 8 July 1959, (64)

24.0-44.0 mm. S.L., Sn., BLBG River's Island, N.C.,

8 July 1959, (6) 28.3-38.2 mm. S.L., Sn., BLBG
River's Island, N.C., 10 July 1959, (135) 13.5-48.0 mm.

S.L., Sn., BLBG Fiver's Island, N.C., 10 July 1959,

(2) 43.9 and 47.1 mm. S.L., Sn., BLBG River's Island,

N.C., 4 Aug. 1954, (1) 100 mm. S.L., UNC 2545 More-

head City, N.C., 13 July 1959, (4) 37.0-46.5 mm. S.L.,

Sn., BLBG.-..Morehead City, N.C., 10 July 1959, (3)

30.0-40.0 mm. S.L., BLBG Bogue Sound, Carteret

County, N.C., 29 July 1958, (2) 38.3 and 94.5 mm. S.L.,

UNC 2363.--.34°41' N., 76°50' W., Silver Bay Sta. 1288,

20 Sept. 1959, (1) 90.8 mm. S.L., Tr. 7-5 fathoms,

BLBG...-34°39' N., 76°01' W., Silver Bay Sta. 1270, 12

Sept. 1959, (4) 104-108 mm. S.L., Tr. 20 fathoms,
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BLBG....34°39' N., 76°27' W., Silver Bay Sta. 1262,

10 Sept. 1959, (1) 92.3 mm. S.L., Tr. 6-7 fathoms,

BLBG 34°38' N., 76°49' W., Silver Bay Sta. 1291, 22

Sept. 1959, (5) 83.1-98.3 mm. S.L., Tr. 8-10 fathoms,

BLBG.___34°38' \., 76°40' W., Silver Bay Sta. 1284, 20

Sept. 1959, (1) 87.0 mm. S.L., Tr. 6-8 fathoms, BLBG
34°38' N., 76°40' W., Silver Bay Sta. 1284, 20 Sept. 1959,

(3) 79.3-113 mm. S.L., Tr. 6-8 fathoms, BLBG..._
34°38' X., 76° 49' W., Silver Bay Sta. 1240, 6 Sept. 1959,

(3) 87.6-97.6 mm. S.L., Tr. 7 fathoms, BLBG 34°37'

X., 77°01' W., Silver Bay Sta. 1311, 24 Sept. 1959, (2) 110

and 124 mm. S.L., Tr. 7 fathoms, BLBG..-.34°35' X.,

75°15' W., Gill Or. 7, 13 July 1954, (1) 33.0 mm. S.L.,

S.C. of Eulhynnus allelteralus (Rafinesque), BLBG
34°35' X., 77°03' VV., Silver Bay Sta. 1310, 24 Sept. 1959,

(1) 113 mm. S.L., Tr. 8 fathoms, BLBG 34°35' X.,

76°23' W., Silver Bay Sta. 1250, 7 Sept. 1959, (1) 111 mm.
S.L., Tr. 11-10 fathoms, BLBG..._34°34' X., 76°36' VV.,

Silver Bay Sta. 1315, 27 Sept. 1959, (2) 83.4 mm. and 105

mm. S.L., Tr. 8 fathoms, BLBG..._34°33' X., 77°06' W.,

Silver Bay Sta. 1309, 24 Sept. 1959, (1) 104 mm. S.L.,

Tr. 9 fathoms, BLBG.___34°32' N., 76°33' W., Silver Bay
Sta. 1317, 27 Sept. 1959, (2) 77.6 and 86.6 mm. S.L.,

Tr. 8 fathoms, BLBG.___34°32' X., 76°49' W., Silver Bay
Sta. 1293, 23 Sept. 1959, (1) 181 mm. S.L., Tr. 10-11

fathoms, BLBG 34°32' X., 76°49' W., Silver Bay Sta.

1293, 23 Sept. 1959, (9) 79.9-105 mm. S.L
,
Tr. 10-11

fathoms, BLBG 34°32' X., 75° 57' W., Silver Bay Sta.

1269, 12 Sept. 1959, (1) 94.5 mm. S.L., Tr. 25 fathoms,
BLBG.._-34°32' X., 75°53' W., Silver Bay Sta. 1268, 11

Sept. 1959, (4) 53.4-172 mm. S.L., Tr. 31-30 fathoms,
BLBG._-.34°31' X., 76°51' W., Silver Bay Sta. 1259, 10

Sept. 1959, (2) 84.0 and 89.2 mm. S.L., Tr. 11 fathoms,
BLBG.___34°31' X., 76°53' W., Silver Bay Sta. 1239,

6 Sept. 1959, (4) 74.0-102 mm. S.L., Tr. 14-12 fathoms,
BLBG.__.34°29' X., 76°49' W., Silver Bay Sta. 1305,

24 Sept. 1959, (4) 97.1-163 mm. S.L., Tr. 12 fathoms,
BLBG....34°29' N., 76°57' W., Silver Bay Sta. 1307,
24 Sept. 1959, (6) 76.1-126 mm. S.L., Tr. 12 fathoms,
BLBG..._34°27' N., 76°53' W., Silver Bay Sta. 1306, 24

Sept. 1959, (5) 98.5-172 mm. S.L., Tr. 12 fathoms,
BLBG.-..34°26' X., 77°05' W., Silver Bay Sta. 1308, 24

Sept. 1959, (11) 89.1-128 mm. S.L.. Tr. 9-10 fathoms,
BLBG 34°25' X., 76°5r W., Silver Bay Sta. 1294, 23

Sept. 1959, (4) 96.3-171 mm. S.L., Tr. 12-13 fathoms,
BLBG 34°24' X., 76°46' W., Silver Bay Sta. 1238, 6

Sept. 1959, (3) 84.0-191 mm. S.L., Tr. 14-12 fathoms,
BLBG..__34°23' X., 76°54' W., Silver Bay Sta. 1295, 23

Sept. 1959, (2) 179 and 189 mm. S.L., Tr. 13-15 fathoms,
BLBG..__34°23' X., 76°54' \V., Silver Bay Sta. 1295, 23

Sept. 1959, (3) 75.2-96.7 mm. S.L., Tr. 13-15 fathoms,
BLBG.__^.34°22' X., 77°09' W., Gill Or. 3, Reg. 68, 11

Aug. 1953, (48) 7.5-32.5 mm. S.L., D.N., BLBG
34°22' X., 75°38' W., Gill Cr. 8, Reg. 74, 30 Sept. 1954,

(6) 12.0-23.5 mm. S.L., D.N., BLBG....34°22' X., 76°13'

\V., Silver Bay Sta. 1248, 7 Sept. 1959, (2) 86.3 and 96.4

mm. S.L., Tr. 13-15 fathoms, BLBG._ .^34°22' X., 76°41'

W., Silver Bay Sta. 1237, 6 Sept. 1959, (9) 73.6-93.3 mm.
S.L., Tr. 14-15 fathoms, BLBG....34°2r X., 76°34' W.,
Silver Bay Sta. 1299, 23 Sept. 1959, (4) 49.0-61.6 mm.
S.L., Tr. 14 fathoms, BLBG....34°2r X., 77°34' W.,

Silver Bay Sta. 1227, 4 Sept. 1959, (5) 93.7-188 mm. S.L.,

Tr. 7-8 fathoms, BLBG..__34°19' X., 77°19' W., Silver

Bay Sta. 1228, 5 Sept. 1959, (4) 87.1-79.4 mm. S.L., Tr.

10 fathoms, BLBG....34°18' X., 76°32' W., Gill Cr. 3,

Reg. 70, 12 Aug. 1953, (16) 17.0-49.0 mm. S.L., D.X.,

BLBG....34°16' X., 77°34' W., Silver Bay Sta. 1226, 4

Sept. 1959, (5) 79.0-157 mm. S.L., Tr. 8-7 fathoms,

BLBG 34° 15' X., 77°07' W., Silver Bay Sta. 1229, 5

Sept. 1959, (17) 11.0-17.8 mm. S.L., M.L.X., BLBG....

34° 14' X., 76°01' W., Silver Bay Sta. 1247, 7 Sept. 1959,

(3) 68.5-97.3 mm. S.L., Tr. 33-24 fathoms, BLBG
34°13' X., 76°48' W., Silver Bay Sta. 1296, 23 Sept. 1959,

(6) 109-168 mm. S.L., Tr. 17 fathoms, BLBG.._ .34°10'

N., 77°30' W., Gill Cr. 8, Reg. 67, 28 Sept. 1954, (11)

10.0-21.5 mm. S.L., D.N., BLBG....34°10' N., 76°15'

W., Silver Bay Sta. 1245, 7 Sept. 1959, (1) 91.2 mm. S.L.,

Tr. 22 fathoms, BLBG.__-34°09' N., 76°35' W., Silver

Bay Sta. 1297, 23 Sept. 1959, (5) 94.7-211 mm. S.L., Tr.

20 fathoms, BLBG.___34°09' N., 76°55' W., Silver Bay
Sta. 1230, 5 Sept. 1959, (1) 85.0 mm. S.L., Tr. 17 fathoms,

BLBG.__-34°07' X., 76°32' W., Silver Bay Sta. 1298, 23

Sept. 1959, (2) 94.5 and 106 mm. S.L., Tr. 19 fathoms,

BLBG.._-34°06' N., 77°46' W., Silver Bay Sta. 1213, 2

Sept. 1959, (5) 76.0-186 mm. S.L., Tr. 7-8 fathoms,

BLBG.___34°05' X., 76°45' W., Silver Bay Sta. 1231. 5

Sept. 1959, (1) 87.6 mm. S.L., Tr. 20 fathoms, BLBG
34°04' N., 76°14' W., Gill Cr. 7, Reg. 71, 10 July 1954,

(13) 12.5-34.0 mm. S.L., D.N., BLBG.__-34°03' N.,

77°50' W., Silver Bay Sta. 1212, 2 Sept. 1959, (3) 88.4-180

mm. S.L., Tr. 5-6 fathoms, BLBG....34°02' N., 76°16'

W., Gill Cr. 8, Reg. 71, 29 Sept. 1954, (6) 13.0-21.0 mm.

S.L., D.N., BLBG.__.34°02' N., 77°35' W., Silver Bay
Sta. 1214, 3 Sept. 1959, (7) 141-175 mm. S.L., Tr. 11

fathoms, BLBG.._.34°01' N., 76°37' W., Silver Bay Sta.

1316, 27 Sept. 1959, (1) 119 mm. S.L., Tr. 9 fathoms,

BLBG._._33°57' X., 77°11' W., Gill Cr. 8, Reg. 66, 28

Sept. 1954, (3) 11.0-14.5 mm. S.L., D.N., BLBG....

33°57' N., 77°01' W., Silver Bay Sta. 1222, 4 Sept. 1959,

(4) 166-182 mm. S.L., Tr. 17-16 fathoms, BLBG....

33°57' X., 77°01' W., Silver Bay Sta. 1222, 4 Sept. 1959,

(1) 11.5 mm. S.L., M.L.N., BLBG._..33°57' N., 77°13'

W., Gill Cr. 3, Reg. 66, 11 Aug. 1953, (42) 8.4-52.5 mm.

S.L., D.N., BLBG....33°56' X., 77°20' W., Silver Bay
Sta. 1215, 3 Sept. 1959, (18) 73.5-174 mm. S.L., Tr. 15

fathoms, BLBG._._33°55' N., 77°52' W., Silver Bay Sta.

1211, 2 Sept. 1959, (3) 75.1-146 mm. S.L., Tr. 5-6 fath-

oms, BLBG.__,33°50' N., 75°59' W., Gill Cr. 7, Reg. 72,

10 July 1954, (1) 55.5 mm. S.L., D.N., BLBG..--33°50'

N., 76°55' W., Silver Bay Sta. 1221, 4 Sept. 1959, (5)

117-128 mm. S.L., Tr. 20 fathoms, BLBG.. __33°49' N.,

75°59' W., Gill Cr. 2, Reg. 72, 10 May 1953, (1) 15.0 mm.

S.L., D.X., BLBG..__33°47' X., 77°50' W., Silver Bay
Sta. 1210, 2 Sept. 1959, (8) 81.5-207 mm. S.L., Tr. 8

fathoms, BLBG.. -.33°44' N., 77°00' W., Gill Cr. 3, Reg.

65, 11 Aug. 1953, (1) 11.5 mm. S.L., D.N., BLBG....
33°44' N., 76°56' W., Gill Cr. 8, Reg. 65, 28 Sept. 1954,

(21) 12.0-26.0 mm. S.L., D.N., BLBG... .33°44' N.,

76°58' W., Silver Bay Sta. 1217, 3 Sept. 1959, (9) 121-174

mm. S.L., Tr. 22-23 fathoms, BLBG....33°43' N., 76°56'

W., Gill Cr. 4, Reg. 65, 8 Nov. 1953, (1) 19.0 mm. S.L.,

D.N., BLBG....33°41' N., 77°40' W., Silver Bay Sta.



106 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

1209, 2 Sept. 1959, (11) 79.7-182 mm. S.L., Tr. 11-12

fathoms, BLBG.--_33°29' N., 76°40' W., Gill Cr. 3, Reg.

64, 11 Aug. 1953, (107) 12.0-48.5 mm. S.L., D.N.,
BLBG.___33°29' N., 77°22' W., Silver Bay Sta. 1205, 1

Sept. 1959, (7) 79.5-127 mm. S.L., Tr. 16-20 fathoms,
BLBG..._33°24' N., 76°25' W., Gill Cr. 3, Reg. 63, 11

Aug. 1953, (1) 11.5 mm. S.L., D.N., BLBG....33°22' N.,

77°38' W., Gill Cr. 4, Reg. 59, 7 Nov. 1953, (1) 40.0 mm.
S.L., D.N., BLBG._._33°21' N., 77°24' W., Silver Bay
Sta. 1204, 1 Sept. 1954, (4) 83.7-91.2 mm. S.L., Tr. 15-16

fathoms, BLBG._._33°21' N., 77°24' W., Silver Bay Sta.

1204, 1 Sept. 1959, ^21) 81.2- 176 mm. S.L., Tr. 15-16

fathoms, BLBG.._-33°19' N., 77°34' W., Gill Cr. 3, Reg.
59 to Reg. 60, 10 Aug. 1953, (11) about 32 to 49 mm. S.L.,

S.C. of Coryphaena hippurus Linnaeus, BLBG 33°17'

N., 78°38' W., Gill Cr. 8, Reg. 55, 26 Sept. 1954, (41)

9.0-48.0 mm. S.L., D.N., BLBG....33°15' N., 76°23' W.,
Gill Cr. 2, Reg. 63, 8 May 1953, (3) 11.0-12.5 mm. S.L.,

BLBG.-..33°03' N., 78°21' W., Gill Cr. 8, Reg. 54, 26

Sept. 1954, (121) 9.5-36.0 mm. S.L., D.N., BLBG.___
33°03' N., 78°21' W., Gill Cr. 7, Reg. 54, 4 July 1954,

(46) 8.0-45.0 mm. S.L., D.N., BLBG._._33°03' N.,

77°09' W., Combat Sta. 289, 20 Apr. 1957, (1) 7.0 mm.
S.L., D.N., BLBG.___32°58' N., 78°15' W., Gill Cr. 8,

Reg. 53 to Reg. 54, 26 Sept. 1954, (1) about 10 mm. S.L.,

S.C. of Exithynnus alleUeralus, BLBG Off South Caro-

lina, Combat, 18 Apr. 1957, (1) 18.0 mm. S.L., D.N.,
BLBG.-_.32°54' N., 79°16' W., Gill Cr. 4, Reg. 46, 25

Oct. 1953, (2) 42.0 and 52.5 mm. S.L., D.N., BLBG....
32°54' N., 77°04' W., Gill Cr. 3, Reg. 61, 10 Aug. 1953,

(17) 11.5-42.5 mm. S.L., D.N., BLBG..__32°54' N.,

77°04' W., Gill Cr. 2, Reg. 61, 8 May 1953, (3) 10.0-12.5

mm. S.L., D.N., BLBG..,.32°48' N., 78°04' W., Gill Cr.

4, Reg. 53, 27 Oct. 1953, (2) 19.0 and 22.5 mm. S.L.,

D.N., BLBG.___32°48' N., 78°04' W., Gill Cr. 5, Reg. 53,

16 Feb. 1954, (15) 11.5-26.0 mm. S.L., D.N., BLBG._._
32°43' N., 76°48' W., Gill Cr. 2, Reg. 62, 8 May 1953,

(2) 10.0 and 11.0 mm. S.L., D.N., BLBG.___32°34' N.,

77°48' W., Gill Cr. 4, Reg. 52, 26 Oct. 1953, (14) 10.0-

42.5 mm. S.L., D.N., BLBG.___32°34' N., 77°48' W.,
Gill Cr. 8, Reg. 52, 26 Sept. 1954, (16) 14.0-41.0 mm.
S.L., D.N., BLBG.,_.32°27' N., 78°06' W., Combat Sta.

297, 21 Apr. 1957, (3) 14.5-17.5 mm. S.L., D.N., BLBG..,.
32°27' N., 78°06' W., Combat Sta. 297, 21 Apr. 1957, (3)

15.0-17.5 mm. S.L., D.N., BLBG._._32°26' N., 78°43'

W., Gill Cr. 7, Reg. 48, 3 July 1954, (3) 6.0-11.5 mm.
S.L., D.N., BLBG.___32°24' N., 78°44' W., Gill Cr. 3,

Reg. 48, 6 Aug. 1953, (4) 16.5-43.5 mm. S.L., BLBG...-
32°24' N., 78°45' W., Gill Cr. 8, Reg. 48, 25 Sept. 1954,

(17) 7.0-23.5 mm. S.L., D.N., BLBG.__.32°11' N.,
78°27' W., Gill Cr. 5, Reg. 49, 15 Feb. 1954, (5) 16.0-33.0

mm. S.L., D.N., BLBG..._32°10' N., 78°28' W., Gill Cr.

7, Reg. 49, 4 July 1954, (1) 12.0 mm. S.L., D.N., BLBG....
31°56' N., 78°10' W., Gill Cr. 8, Reg. 50, 26 Sept. 1954,

(16) 14.0-41.0 mm. S.L., D.N., BLBG.__.31°41' N.,
80°35' W., Gill Cr. 4, Reg. 36, 21 Oct. 1953, (2) 29.0 and
46.5 mm. S.L., P.T., BLBG....31°41' N., 80°35' W.,
Gill Cr. 4, Reg. 36, 21 Oct. 1953, (37) 16-48.5 mm. S.L.,

D.N., BLBG... -31=40' N., 80°20' W., Gill Cr. 8, Reg. 37,

21 Sept. 1954, (10) 24.0-40.0 mm S.L., D.N., BLBG.--.
31°38' N., 80°14' W., Gill Cr. 4, Reg. 37, 22 Oct. 1953,

(336) 10.0-37.5 mm. S.L., D.N., BLBG..._31°38' N.,

80° 14' W., Gill Cr. 3, Reg. 37, 5 Aug. 1953, (2) 23.5 and

34.0 mm. S.L., D.N., BLBG.-.-31°38' N., 80°15' W.,
Gill Cr. 7, Reg. 37, 2 July 1954, (28) 8.0-50.0 mm. S. L.,

D.N., BLBG.-.-31°36' N., 79°51' W., Gill Cr. 8, Reg. 38,

21 Sept. 1954, (7) 17.5-29.0 mm. S.L., D.N., BLBG....
31°36' N., 79°52' W., Gill Cr. 7, Reg. 38, 2 July 1954, (7)

6.5-21.5 mm. S.L., D.N., BLBG..-.31°34' N., 79°28' W.,
Gill Cr. 4, Reg. 39, 24 Oct. 1953, (1) 20.5 mm. S.L.,

M.L.N., BLBG....31°34' N., 79°28' W., Gill Cr. 4, Reg.

39, 24 Oct. 1953, (1) 15.0 mm. S.L., D.N., BLBG....
31°33' N., 79°27' W., Gill Cr. 8, Reg. 39, 21 Sept. 1954,

(29) 9.0-20.0 mm. S.L., D.N., BLBG.--.31°32' N.,

79°28' W., Gill Cr. 3, Reg. 39, 5 Aug. 1953, (4) 13.5-24.0

mm. S.L., D.N., BLBG....31°21' N., 80°52' W., Gill Cr.

4, Reg. 35, 21 Oct. 1953, (28) 21.5-54.0 mm. S.L., M.L.N.,
BLBG.-..31°20' N., 80°53' W., Gill Cr. 8, Reg. 35, 20

Sept. 1954, (2) 21.5 and 27.5 mm. S.L., D.N., BLBG..--
St. Simons Island, Ga., 5 Oct. 1955, (280) 20.5-43.0 mm.
S.L., Sn., BLBG.- --St. Simons Island, Ga., 14 Aug. 1955,

(12) 9.0-23.0 mm. S.L., Sn., BLBG St. Simons Island,

Ga., 26 Dec. 1957, (1) 19.0 mm. S.L., Sn., BLBG.-..
St. Simons Island, Ga., 11 Oct. 1957, (1) 22.5 mm. S.L.,

Sn., BLBG... -St. Simons Island, Ga., 26 Sept. 1957, (2)

20.5 and 22.0 mm. S.L., Sn., BLBG St. Simons Island,

Ga., 27 Aug. 1957, (1) 18.5 mm. S.L., Sn., BLBG.. -.St.

Simons Island, Ga., 26 July 1957, (26) 16.5-28.0 mm.

S.L., Sn., BLBG.-. -St. Simons Island, Ga., 15 July 1957,

(1) 15.9 mm. S.L., Sn., BLBG St. Simons Island, Ga.,

16 May 1957, (15) 20.0-.33.0 mm. S.L., Sn., BLBG
St. Simons Island, Ga., 2 May 1957, (2) 15.0 and 25.0 mm.

S.L., Sn., BLBG St. Simons Island, Ga., 27 Apr. 1957,

(3) 13.5-47.0 mm. S.L., Sn., BLBG St. Simons Island,

Ga., 16 Apr. 1957, (2) 18.5 and 22.5 mm. S.L., Sn.,

BLBG.. --St. Simons Island, Ga., 18 Mar. 1957, (1) 27.5

mm. S.L., Sn., BLBG St. Simons Island, Ga., 20 June

1958, (2) 15.5 and 16.0 mm. S.L., Sn., BLBG Jekyll

Island Causeway, Ga., 26 Sept. 1957, (3) 17.0-21.5 mm.

S.L., Sn., BLBG.- --Jekyll Island, Ga., 6 Aug. 1959, (1)

57.5 mm. S.L., BLBG.- --Jekyll Island, Ga., 18 Feb.

1959, (1) 34.5 mm. S.L., Sn., BLBG Commercial

Trawling Area, Brunswick, Ga., 20 Oct. 1955, (1) 59.0

mm. S.L., Tr., BLBG.--.31°00' N., 80°23' W., Gill Cr.

4, Reg. 32, 16 Oct. 1953, (441) 12.5-52.0 mm. S.L., D.N.,
BLBG.---31°00' N., 80°46' W., Gill Cr. 4, Reg. 33, 16

Oct. 1953, (72) 9.5-46.0 mm. S.L., D.N., BLBG..-.

31°00' N., 80°46' W., Gill Cr. 8, Reg. 33, 15 Sept. 1954,

(6) 20.5-32.0 mm. S.L., D.N., BLBG.---31°00' N.,

80°23' W., Gill Cr. 7, Reg. 32, 27 June 1954, (36) 9.5-

26.0 mm. S.L., D.N., BLBG.--.31°00' N., 80°46' W.,

Gill Cr. 7, Reg. 33, 27 June 1954, (6) 30.0-40.5 mm. S.L.,

D.N., BLBG..--31°00' N., 80°00' W., Gill Cr. 7, Reg. 31,

27 June 1954, (10) 8.5-17.0 mm. S.L., D.N., BLBG....

31°00' N., 81°08' W., Gill Cr. 4, Reg. 34, 17 Oct. 195.3,

(6) 19.O-29.0 mm. S.L., D.N., BLBG.---30°59' N.,

79°14' W., to 31°00' N., 79°36' W., GUI Cr. 8, Reg. 29 to

Reg. 30, 15 Sept. 1954, (5) 14.0-27.5 mm. S.L., D.N.,

BLBG.-..30°58' N., 79°38' W., Gill Cr. 7, Reg. 30, 27

June 1954, (2) 13.0 and 40.0 mm. S.L., D.N., BLBG..-.

30°20' N., 79°26' W., Gill Cr. 4, Reg. 28, 16 Oct. 1953,

(2) 19.0 and 22.5 mm. S.L., D.N., BLBG.-.. 30° 20' N.,
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80°35' W., Gill Cr. 3, Reg. 25, 28 July 1953, (1) 11.5 mm.

S.L., D.N., BLBG._..30°20' N., 80°58' W., Gill Cr. 7,

Reg. 24, 26 June 1954, (8) 14.0-32.0 mm. S.L., D.N.,
BLBG.__-30°20' N., 80°36' W., Gill Cr. 7, Reg. 25, 26

June 1954, (74) 8.5-22.5 mm. S.L., D.N., BLBG...-
30°00' X., 80°10' W., Silver Bay Sta. 476, 18 June 1958,

(87) 5.4-38.5 mm. S.L., D.N., BLBG.-_.29°48' N.,

80°12' W., Silver Bay Sta. 470, 17 June 1958, (116) 6.2-

21.2 mm. S.L., D.N., BLBG..__29°40' N., 80°23' W.,
Gill Cr. 4, Reg. 19, 14 Oct. 1953, (1) 25.0 mm. S.L., D.N.,
BLBG._..29°40' N., 81°08' W., Gill Cr. 8, Reg. 21, 14

Sept. 1954, (6) 15.5-34.0 mm. S.L., D.N., BLBG.._.
29°40' N., 80°45' W., Gill Cr. 8, Reg. 20, 14 Sept. 1954,

(46) 7.5-15.5 mm. S.L., D.N., BLBG..._29°38' N.,

80°12' W., Combat Sta. 474, 14 Aug. 1957, (4) 10.0-51.0

mm. S.L., D.N., BLBG.^_.29°38' N., 80°09' W., Silver

Bay Sta. 471, 17 June 1958, (59) 5.6-33.8 mm. S.L., D.N.,
BLBG....29°31' N., 80°31' W., Combat Sta. 347, 2 June

1957, (4) 124-155 mm. S.L., Tr. 18 fathoms, BLBG.._.
29°29' N., 80°10' W., Combat Sta. 490, 19 Aug. 1957, (2)

16.5 and 34.0 mm. S.L., D.N., BLBG._-.29°29' N.,

80°09' W., Combat Sta. 485, 18 Aug. 1957, (5) 15.5-38.0

mm. S.L., D.N., BLBG._.-29°26' N., 80°08' W., Combat

Sta. 315, 27 Apr. 1957, (2) 13.0 and 21.0 mm. S.L., D.N.,
BLBG....29°22' N., 80°05' W., Silver Bay Sta. 227, 24

Nov. 1957, (3) 11.5-15.0 mm. S.L., D.N., BLBG._._
29°20' N., 80°04' W., Combat Sta. 316, 27 Apr. 1957, (1)

8.5 mm. S.L., D.N., BLBG.._.29°10' N., 80=19' W.,
Combat Sta. 336, 1 June 1957, (1) 122 mm. S.L., Tr. 25

fathoms, BLBG.._-29°10' N., 80°19' W., to 29°19' N.,

80°15' W., Combat Sta. 336-337, 1 June 1957, (62) 10.6-

28.7 mm. S.L., D.N., BLBG.-..29°07' N., 80°25' W., Gill

Cr. 8, 28 Aug. 1954, (1) 22.0 mm. S.L., S.C. of Euihynnus

alletteratus, BLBG._ -_29°00' N., 79°48' W., Gill Cr. 4,

Reg. 15, 14 Oct. 1953, (1) 16.5 mm. S.L., D.N., BLBG._._
29°00' N., 80°32' W., Gill Cr. 4, Reg. 13, 14 Oct. 1953,

(1) 31.0 mm. S.L., D.N., BLBG.._-29°00' N., 80°10' W.,
Gill Cr. 4, Reg. 14, 14 Oct. 1953, (32) 17.0-34.0 mm.
S.L., D.N., BLBG....29°00' N., 79°26' W., Gill Cr. 4,

Reg. 16, 14 Oct. 1953, (23) 13.5-27.0 mm. S.L., D.N.,
BLBG._..29°00' N., 80°32' W., Gill Cr. 8, Reg. 13, 12

Sept. 1954, (6) 22.5-30.0 mm. S.L., D.N., BLBG.___Port
Canaveral Anchorage, Fla., Silver Bay, 22-23 Nov. 1957,

(1) 10.5 mm. S.L., D.N., BLBG..-.Port Canaveral

Anchorage, Fla., Combat, (1) 20.0 mm. S.L., D.N.,
BLBG.__-27°40' N., 80°04' W., Gill Cr. 4, Reg. 5, 12

Oct. 1953, (3) 15.0-39.5 mm. S.L., M.L.N., BLBG.-__

27°20'N.,80°02'W., (7!7/Cr.4, Reg.4, 12 Oct. 1953,(3) 14.0-

47.0 mm. S.L., D.N., BLBG.___27°14' N., 79°50' W.,
Combat Sta. 462, 29 July 1957, (10) 12.2-14.4 mm. S.L.,

D.N., BLBG._._26°58' N., 79°40' W., Gill Cr. 4, Reg. 2,

12 Oct. 1953, (9) 13.2-39.2 mm. S.L., D.N., BLBG.__.
26=47' N., 79°53' W., Combat Sta. 459, 28 July 1957, (9)

11.5-61.0mm. S.L., D.N., BLBG.___26°37' N., 79°51' W.,
Combat Sta. 458, 28 July 1957, (1) 12.0 mm. S.L., D.N.,
BLBG._..25''16' N., 80°07' W., Combat Sta. 457, 26 July
1957, (12) 10.0-40.5 mm. S.L., D.N., BLBG._ .25°13'

X., 80=10' W., Combat Sta. 455, 26 July 1957, (16) 13.0-
51.1 mm. S.L., D.N., BLBG., . ,25=11' N., 79=56' W.,
Combat Sta. 443, 22 July 1957, (1) 49.5 mm. S.L., D. N.,
BLBG.._, 25=11' N., 79=56' W., Combat Sta. 443, 22 July

1957, (1) 49.0 mm. S.L., D.N., BLBG.... 25=10' N.,

80=02' W., Combat Sta. 438, 22 July 1957, (70) 8.fr-56.4

mm. S.L., D.N., BLBG East coast of Florida, Combat

Sta., (5) 111-143 mm. S.L., Tr., BLBG Gulf Stream,

(1) 100 mm. S.L., CAS 12824.. ..24=13' N., 81=42' W.,

Combat Sta. 436, 21 July 1957, (9) 18.0-42.0 mm. S.L.,

D.N., BLBG... -Key West, Fla., (1) 50.5 mm. S.L.,

collected by D. S. Jordan, SU 2358 Loggerhead Key,

Fla., (2) 81.0 and 97.5 mm. S.L., Tr., UF....Sanibel

Island, Fla., 19 Aug. 1959, (2) 36.0 and 42.5 mm. S.L.,

Sn., BLBG...-Sambel Island, Fla., 17 Aug. 1959, (1)

40.5 mm. S.L., Sn., BLBG Sanibel Island, Fla., 14

Aug. 1959, (26) 20.5-50.0 mm. S.L., Sn., BLBG... .Sanibel

Island, Fla., 14 Aug. 1959, (12) 18.6-49.3 mm. S.L., Sn.,

BLBG....Gasparilla Bay, Fla., 17 Jan. 1958, (1) 145 mm.

S.L., CHML..__Placida, Fla., 1 Jan. 1955, (1) 158 mm.

S.L., CHML....Englewood, Fla., Mar. 1958, (1) 167 mm.

S.L., CHML... .Lemon Bay, Fla., 28 Sept. 1955, (1) 143

mm. S.L., CHML.. ..Tarpon Springs, Fla., Mar. 1930,

(1) 151 mm. S.L., UF 4192 Cedar Keys, Fla., 19 June

1949, (7) 32.8-66.6 mm. S.L., UF... .Cedar Keys, Fla.,

19 June 1949, (5) 52.0-66.5 mm. S.L., UF..._ Cedar Keys,

Fla., 18 Oct. 1953, (2) 22.7 and 27.0 mm. S.L., UF C-10-

1853-4.... Cedar Keys, Fla., 20 Sept. 1953, (2) 96.0 and

108 mm. S.L., UF 2510.... Cedar Keys, Fla., 6 Sept.

1953, (1) 102 mm. S.L., UF C-9-653-2 Cedar Keys,

Fla., 6 Sept. 1953, (1) 66.1 mm. S.L., UF C-9-653-4....

Cedar Keys, Fla., 16 Aug. 1953, (2) 61.5 and 83.0 mm.

S.L., UF C-8-1653-2.... Cedar Keys, Fla., 16 Aug.

1953, (7) 63.6-88.6 mm. S.L., UF C-8-1653-4 Cedar

Keys, Fla., 16 Aug. 1953, (6) 55.5-74.1 mm. S.L., UF
C-8-1653-5.-_. Cedar Keys, Fla., 16 Aug. 1953, (6)

56.4-74.9 mm. S.L., UF C-8-1653-5 Cedar Keys,

Fla., 16 Aug. 1953, (38) 42.3-90.2 mm. S.L., UF C-8-

1653-4.... Cedar Keys, Fla., 25 July 1953, (3) 55.7-82.5

mm. S.L., UF C-7-2553-2.... Cedar Keys, Fla., 12 July

1953, (6) 61.1-89,6 mm. S.L., UF C-7-1253-4.... Cedar

Keys, Fla., 12 July 1953, (1) 81.6 mm. S.L., UF C-7-

1253-2.... Cedar Keys, Fla., 12 July 1953, (1) 44.8 mm.

S.L., UF C-7-1253-1.... Cedar Keys, Fla., 12 July 1953,

(18) 39.7-91.1 mm. S.L., UF C-7-1253-4.... Cedar Keys,

Fla., 27 May 1953, (1) 53.5 mm. S.L., UF C-5-2753-3...-

Cedar Keys, Fla., 27 May 1953, (1) 80.8 mm. S.L., UF
C-5-2753-2.... Cedar Keys, Fla., 27 May 1953, (8)

34.3-59.9 mm, S.L., UF C-5-2753-3.... Cedar Keys,

Fla., 30 June 1954, (1) 73.1 mm. S.L., UF C-6-3054-1

Cedar Keys, Fla., 23 Nov. 1957, (7) 24.0-29.0 mm. S.L.,

UF....Fort Walton, Fla., Feb.-Aug. 1959, (5) 38.0-41.0

mm. S.L., BLBG.. ..28=44' N., 88=08' W., Oregon Sta.

1583, 20-21 July 1956, (60) 14.9-41.3 mm. S.L., D.N.,
BLBG Aransas Anchorage, Tex., 7 June 1954, (1)

27.9 mm. S.L., UF 5-10 miles north of San Fernando

River, Mexico, 22 Mar. 1947, (1) 53.0 mm. S.L., collected

by W. W. Anderson, USNM 155576.... 24=50' N., 92=35'

W., Oregon Sta. 2198, 23-24 June 1958, (6) 18.0-57.6 mm.
S.L., D.N., BLBG. ...24=05' N., 91=46' W., Oregon Sta.

2196, 22 June 1958, (6) 39.5-48.0 mm, S.L., D.N.,
BLBG... 22=13' N., 89=43' W., Silver Bay Sta. 404, 12

May 1958, (1) 125 mm. S.L., Tr. 25 fathoms, USNM....
24=26' N., 81=48' 15" W., Albatross Sta. 2315, 15 Jan.

1885, (1) 82.5 mm. S.L., USNM 143091. ...07=55' N.,
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57027' w., Oregon Sta. 2247, 31 Aug. 1958, (1) 69.5 mm.
S.L., BLBG Brazil, Albatross, (1) 62.0 mm. S.L.,

USNM 43319._--No data, (1) 83.1 mm. S.L., CAS 3437.

Stephanolepis setifer

34°38' N., 74°46' W., Gill Cr. 2, Reg. 80, 12 May 1953,

(1) 39.6 mm. S.L., D.N., BLBG..._33°49' N., 75°59' W.,
Gill Cr. 2, Reg. 72, 10 May 1953, (1) 18.5 mm. S.L., D.N.,
BLBG.___33°29' N., 76°40' W., Gill Cr. 3, Reg. 64, 11

Aug. 1953, (1) 12.5 mm. S.L., D.N., BLBG.___33°15' N.,
76°23' W., Gill Cr. 2, Reg. 63, 8 May 1953, (1) 17.2 mm.
S.L., D.N., BLBG.___33°13' N., 76°55' W., Combat Sta.

290, 20 Apr. 1957, (1) 30.0 mm. S.L., D.N., BLBG..,.
32°40' N., 77°40' W., Combat Sta. 296, 21 Apr. 1957,

(1) 43.2 mm. S.L., D.N., BLBG._..32°24' N., 78°45' W.,
Gill Cr. 8, Reg. 48, 25 Sept. 1954, (1) 20.0 mm. S.L., D.N.,
BLBG Bermuda, (1) 92.5 mm. S.L., collected by Beebe,
USNM 178860.. -_31°42' N., 79°00' W., Gill Cr. 6, Reg.
41, 14 Feb. 1954, (1) 17.3 mm. S.L., D.N., BLBG....
31°29' N., 78°41' W., Gill Cr. 2, Reg. 40, 5 May 1953,(1)
24.5 mm. S.L., D.N., BLBG...30°20' N., 79°50' W.,
Gill Cr. 8, Reg. 27, 14 Sept. 1954, (1) 20.5 mm. S.L.,

D.N., BLBG.... 30° 18' N., 80° 12' W., Gill Cr. 3, Reg. 26,

29 July 1953, (1) 27.4 mm. S.L., D.N., BLBG..--29°48'

N., 80°12' W., Silver Bay Sta. 470, 17 June 1958, (1)

34.9 mm. S.L., D.N., BLBG....29°38' N., 80°12' W.,
Combat Sta. 474, 14 Aug. 1957, (18) 23.0-39.6 mm. S.L.,

D.N., BLBG....29°28' N., 80°09' W., Combat Sta. 326,
30 May 1957, (1) 32.0 mm. S.L., hooked through eye on

trolling rig, BLBG..-.29°28' N., 80°09' W., Combat
Sta. 326, 30 May 1957, (3) 34.7-38.2 mm. S.L., D.N.,
BLBG....29°19' N., 80°18' W., Combat Sta. 343, 1 June

1957, (1) 41.5 mm. S.L., D.N., BLBG....29°19' N.,

80°18' W., Combat Sta. 339, 1 June 1957, (1) 37.5 mm.
S.L., D.N., BLBG....29°16' N., 80°04' W., Combat Sta.

328, 30 May 1957, (1) 49.5 mm. S.L., D.N., BLBG....
29°10' N., 80°19' W., Combat Sta. 336, 1 June 1957, (1)

39.0 mm. S.L., D.N., BLBG....29°00' N., 79°26' W.,
Gill Cr. 4, Reg. 16, 14 Oct. 1953, (1) 29.0 mm. S.L., D.N.,
BLBG.. -.27° 14' N., 79°50' W., Combat Sta. 462, 29

July 1957, (6) 13.6-36.8 mm. S.L., D.N., BLBG....
27°00' N., 79°18' W., Gill Cr. 3, Reg. 1, 25 July 1953,

(1) 51.5 mm. S.L., D.N., BLBG....26°58' N., 79°40' W.,
Gill Cr. 4, Reg. 2, 12 Oct. 1953, (5) 17.0-26.5 mm. S.L.,

D.N., BLBG....26°47' N., 79°53' W., Combat Sta. 459,
28 July 1957, (14) 27.5-58.0 mm. S.L., D.N., BLBG....
25°10' N., 80°02' W., Combat Sta. 438, 22 July 1957, (2)

40.5 and 56.5 mm. S.L., D.N., BLBG....25°16' N.,
80°07' W., Combat Sta. 457, 26 July 1957, (3) 47.5-53.5

mm. S.L., D.N., BLBG....25°13' N., 80°10' W., Combat
Sta. 455, 26 July 1957, (1) 39.0 mm. S.L., Tr. 40-50

fathoms, BLBG....25°13' N., 80°10' W., Combat Sta.

455, 26 July 1957, (1) 35.5 mm. S.L., D.N., BLBG....
28°42' N., 86°36' W., Albatross, (1) 38.5 mm. S.L.,

USNM 84566.... 24°13' N., 81°42' W., Combat Sta. 436,
21 July 1957, (4) 36.0-54.0 mm. S.L., D.N., BLBG....
24°05' N., 91°46' W., Oregon Sta. 2196, 22 June 1958,

(6) 39.0-49.5 mm. S.L., D.N., BLBG....24°50' N.,
92°35' W., Oregon Sta. 2198, 23-24 June 1958, (4) 39.0-

52.5 mm. S.L., D.N., BLBG.... Cuba, (1) 108 mm. S.L.,

collected by Poey, USNM 9841 Punta Colorado, Cuba,

21 May 1914, (1) 39.0 mm. S.L., Sn., USNM 82562....

St. Lucia, Windward Islands to Cayo Hutio, Cuba,
2 May 1914, (1) 82.5 mm. S.L., Tr. 2-4 fathoms, USNM
82558 Palisadoes, Jamaica, 19 June 1957, (2) 15.0 and
16.5 mm. S.L., UF C-6-1957-1 J....Jamaica, B.W.I.,

(10) 62.5-101 mm. S.L., collected by J. S. Roberts, SU
4772 Jamaica, (2) 94.0 and 136 mm. S.L., collected by
C. B. Adams, USNM 6066... _ Bizoton Wharf, Haiti, (6)

29.7-49.5 mm. S.L., collected by Beebe, USNM 178066

Haiti, (10) 61.5-106 mm. S.L., collected by Beebe, USNM
178126 Haiti, (1) 50.5 mm. S.L., collected by Beebe,
USNM 17861.. ..Fox Bay, Colon, Atlantic Panama, (1)

68.5 mm. S.L., collected by Meek and Hildebrand, USNM
81510 Fox Bay, Colon, Atlantic Panama, (1) 71.5 mm.
S.L., collected by Meek and Hildebrand, USNM 81509

16°22' N., 83°31' W., Oregon Sta. 1863, 20 Aug. 1957,

(13) 11.3-21.6 mm. S.L., D.N., BLBG....15°57' N.,

82°06' W., Oregon Sta. 1935, 15 Sept. 1957, (2) 76.5 and
85.0 mm. S.L., USNM 185267.

Atnanses pullus

Vineyard Sound, Mass., 3 Sept. 1914, (1) 83.0 mm. S.L.,

D.N., USNM 85772.... 34°14' N., 76°03' W., Silver Bay,
15 Sept. 1959, (3) 41.2-57.7 mm. S.L., D.N., BLBG....
31°57' N., 78°09' W., Gill Cr. 3, Reg. 50, 6 Aug. 1953, (2)

42.0 and 46.0 mm. S.L., D.N., BLBG...-30°26' N.,

78°20' W., Gill Cr. 5, 21 Jan. 1954, (1) about 42 mm. S.L.,

S.C. of Coryphaena hippunis Linnaeus, BLBG 30°16'

N., 80°21' W., Combat Sta. 70, 31 Aug. 1956, (1) 66.5 mm.
S.L., Tr. 22 fathoms, TU 14749.... 30°00' N., 80°10' W.,
Silver Bay Sta. 476, 18 June 1958, (1) 50.0 mm., M.L.N.,
BLBG....29°41' N., 80°18' W., Gill Cr. 3, 28 July 1953,

(1) 55.5 mm. S.L., S.C. of Coryphaena hippurus, BLBG
29°38' N., 80°12' W., Combat Sta. 474, 14 Aug. 1957, (8)

45.5-92.0 mm. S.L., D.N., BLBG....29°29' N., 80°10'

W., Combat Sta. 490, 19 Aug. 1957, (2) 54.0 and 55.5 mm.
S.L., D.N., BLBG.-..28°18' N., 79°28' W., Gill Cr. 8,

Reg. 8, 12 Sept. 1954, (1) 43.0 mm. S.L., D.N., BLBG....
28°05' N., 78°24' W., Silver Bay Sta. 446, 10 June 1958,

(1) 35.0 mm. S.L., D.N., BLBG....28°00' N., 78°00' W.,
Gill Cr. 3, Spc. 8, 18 July 1953, (1) 69.5 mm. S.L., D.N.,
BLBG....27°41' N., 79°40' W., Gill Cr. 8, Reg. 6, 12

Sept. 1954, (1) 42.5 mm. S.L., D.N., BLBG....27°40'

N., 79°18' W., Gill Cr. 8, Reg. 7, 12'Sept. 1954, (1) 46.0

mm. S.L., D.N., BLBG....27°02' N., 79°23' W., Gill

Cr. 3, 25 July 1953, (1) about 75 mm. S.L., S.C. of

Coryphaena hippurus, BLBG..--27°00' N., 79°18' W.,

Gill Cr. 6, Reg. 1, 25 Apr. 1954, (1) 66.0 mm. S.L., D.N.,

BLBG.. .-Palm Beach Inlet, Fla., 11 June 1958, (H

158 mm. S.L., UF 7266, RC-6-1 158-2.... Entrance

Point, North Bimini, B.W.I., 14 July 1957, (1) 72.0 mm
S.L., TU 17801 Settlement Point, Grand Bahama

Island, Gill Cr. 8, 29 Aug. 1954, (3) 42.0-49.0 mm. S.L..

D.N., BLBG Nassau, Bahamas, Albatross, (1) 13(i

mm. S.L., USNM 38375.. . .26°47' N., 79°53' W., Combnl

Sta. 459, 28 July 1957, (1) 72.0 mm. S.L., D.N., BLBG....

29°29' N., 80°69' W., Combat Sta. 485, 18 Aug. 1957, (3)

50.5-64.5 mm. S.L., D.N., BLBG..--26°11' N., 78°15'

W., Gill Cr. 7, 22 June 1954, 1730, (1) 33.0 mm. S.L.,

S.C. of Katsuwonus pelamis (Linnaeus), BLBG
26°21.2' N., 76°46.5' W., Gill Cr. 3, 23 July 1953, (1)
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:iliout 51 mm. S.L., S.C. of Coryphaena hippurus,

liLBG._--26°10' N., 78°13' W., Gill Cr. 7, 22 June 1954,

1722, (1) 44.0 mm. S.L., S.C. of Katsuwonus pelamis

liLBG._--26°04' N., 78°08' W., Gill Cr. 9, 15 Nov. 1954,

:i) 17.5 to about 35 mm. S.L., S.C. of Katsuwonus pelamis,

BLBG.-..26°27' N., 76°44' W., Gill Cr. 7, Std., 13-14

June 1954, (1) 46.5 mm. S.L., D.N., BLBC. ..25°20' N.,

77=15' W., Gill Cr. 6, 19 Apr. 1954, (1) about 38 mm.
S.L., S.C. of Coryphaena hippurus, BLBG 25°16' N.,

80°07' W., Combat Sta. 457, 26 July 1957, (1) 51.0 mm.
S.L., D.N., BLBG.._-24°13' N., 81°42' W., Combat Sta.

436, 21 July 1957, (2) 41.5 and 43.5 mm. S.L., D.N.,
BLBG.___23°40.5' N., 76°50' W., Gill Cr. 7, 19 June

1954, (2) 33.0 and 36.0 mm. S.L., S.C. of Corphaena

hippurus, BLBG Tortugas, Fla., (1) 105 mm. S.L.,

collected by W. H. Longley, USNM 116997... -Fort

Myers, Fla., 5 Sept. 1956, (1) 115 mm. S.L., spit up by a

grouper, CHML.-__29°26' N., 87°32' W., Oregon Sta.

792, 8 June 1953, (1) 89.0 mm. S.L., Tr. 56-57 fathoms,

TU 6064.___26°10' N., 96°25' W., Oregon Sta. 1089, 4

June 1954, (1) 92.5 mm. S.L., Tr. 40 fathoms, TU 10845....

26°40' N., 92°00' W., Oregon Sta. 1035, 8 May 1954,

(14) 61.0-83.0 mm. S.L., Tr. 890 fathoms, TU 10933.. ..

24°05' N., 91°46' W., Oregon Sta. 2196, 22 June 1958,

(1) 36.5 mm. S.L., D.N., BLBG._--North of Cuba, (3)

44.0-49.0 mm. S.L., collected by Beebe, USNM 178016.-..

Cabanas Bay, Cuba, 8-9 June 1914, (1; 46.0 mm. S.L.,

USNM 82566.. ..Cayo Hutia Light, Cuba, 12 May 1914,

(1) 85.0 mm. S.L., USNM 82557. ...Cuba, (1) 322 mm.
S.L., USNM 32096. ...Cuba, (1) 138 mm. S.L., collected

by Poey, USNM 9852....Jamaica, (2) 127 and 131 mm.
S.L., collected by J. S. Roberts, SU 4943.. ..Ocho Rios,

Jamaica, 22 June 1957, (1) 78.5 mm. S.L., UF C-6-2257-

IJ.... Eaton Hall Cove, Jamaica, 14 June 1958, (1) 63.0

mm. S.L., UF C-6-1458-1J.-.. Jamaica, (1) 325 mm.
S.L., collection of Institute of Jamaica, USNM 37694

Jamaica, (1) 288 mm. S.L., collection of Institute of

Jamaica, USNM 37693 Port-au-Prince market, Haiti,

19 Dec. 1944, (1) 100 mm. S.L., USNM 132120.. ..Port-

au-Prince, Haiti, (5; 87.0-118 mm. S.L., collected by
A. Curtis, USNM 133749 Haiti, (1) 128 mm. S.L.,

collected by Beebe, USNM 178119 Arroyo, Porto

Rico, 1899, (1) 138 mm. S.L., collection of USFC, SU
8266 Porto Rico, (1) 142 mm. S.L., collected by C. F.

Cole, USNM 162780... -Porto Rico, Fish Hawk, (1) 136

mm. S.L., USNM 126425 Barbuda Island, Leeward

Islands, (1) 49.0 mm. S.L., collected by Beebe, USNM
183446 Windward Island, Castries, (2) 107 and 113

mm. S.L., collected by Beebe, USNM 178598... -Port

of Fortaleza, Mucuripe, Brazil, Aug. 1945, (1) 182 mm.

S.L., SU 52304 Bahia, Brazil, Albatross, (1) 124 mm.

S.L., USNM 43323. --.Port of Recife, Brazil, (2) 103

and 123 mm. S.L., SU 52305.

ADDENDUM

During the course of this study, particular attention was
directed to the fact that species of the genus Stephanolepis
were not known to occur in tlie Bahama Islands—^despite

the occurrence of both Stephanolepis selifer and S. hispidus
in the currents of the Florida Current passing the west

side of the Bahamas. After the manuscript was in press,

6 specimens of Stephanolepis were received from James E.

Bohlke, Academy of Natural Sciences of Philadelphia, who
had recently determined the generic identity of these

specimens from the Bahaman collections of the Chaplin
Bahaman Shore Fish Program:

(1) 113- and 115-mm. males and a 92.5-mm. female

from Chaplin Program Station 526, Hatchet Bay, Eleu-

thera Island, Bahamas, 3 miles offshore, 30 ft., various

stations of the George M. Bowers, April 20 to May 3, 1960.

(2) 106- and 113-mm. males from Chaplin Program
Station 513B, Hatchet Bay, Eleuthera Island, Bahamas,
30 to 35 ft., collected by the George M. Bowers, Febru-

ary 6-13, 1960.

(3) 32.5-mm. immature specimen, ANSP 72575, New
Providence, Bahamas, collected by C. C. G. Chaplin, 1949.

We would expect all these specimens to be Stephanolepis

setifer, rather than S. hispidus, because our records indi"

cate that S. selifer is a more offshore and insular inhabitant,
while we have recorded S. hispidus only from continental

waters; but there are inconsistaneies between characters
of these specimens and our recorded definition of S. setifer
t hat must be pointed out.

The 32.5-mm. specimen has D. 29, A. 29, P, 13 on both
sides (more pectoral rays than previously recorded for

S. setifer); a fairly deep body (58.1% S.L.); and a broken-

line effect on the sides, but no spots on the snout or breast.

On the basis of the dorsal and anal ray counts and pigment
on the side, we would identify this specimen as S. setifer.

The 115-mm. male from Sta. 526 in Hatchet Bay has D.

30, A. 30; the 113-mm. male from this station has D. 30,

A. 31 (there appears to be a minuet 31st dorsal ray) ;
both

specimens have 13 pectoral rays on each side. The pig-

ment of these specimens is the same as that of the Cuban

specimens of S. setifer in fig. 32, which species they un-

doubtedly represent. However, the high dorsal and anal

fin-ray counts of the 113-mm. specimen indicate that this

key character must be qualified, at least in identifj'ing

specimens from the Bahamas.
The 106-mm. male from Sta. 513B has D. 29, A. 29, P,

12; the 113-mm. male from this station has D. 30, A. 30,

Pi 13. Both specimens are faded, and lack spots on the

snout and breast, but do have short dim lines on the side,

and most probably are S. setifer.

The 92.5-mm. female (with large macroscopic eggs)

from Sta. 526 has D. 30, A. 29, and P, 12. There are no

spots on the snout and breast and no broken lines on the

sides; instead large dark blotches are present on the sides.

The pigment and relatively large body depth (56.8% S.L.)

are more like S. hispidus than S. setifer. However, con-

sidering the conflicting characters of distribution and

pigmentation, and the intermediate fin-ray counts, we

cannot identify this single specimen to species. (Febru-

ary 13, 1961.)
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ABSTRACT
Early embryology of the sea lamprey has been subdivided into 19 stages. The

stages are based largely on external morphology, behavior, and organ function.

The holoblastic cleavage of sea lamprey eggs exhibited tviro types of third and
fourth cleavages, equatorial and meridional. The open blastopore had an ap-

parent migration over the surface of the embryo until it became the anus. Gas-

trulation resembles teleostean gastrulation in some characteristics and amphibian
in others. Lamprey neurulation resembles teleostean neurulation more closely

than it does amphibian.
Sea lamprey eggs were reared experimentally at 10 constant temperatures

(at 5° intervals from 45° to 80° F., inclusive, and at 52.5° and 77.5° F.). No
viable, burrowing larvae were produced at any temperature below 60° F. or above

70° F. Optimum temperature was 65° F. which yielded 78 percent survival to

the burrowing stage; survival to the same stage was much lower at 60° F. (12

percent) and 70° F. (5 percent). The stage attained before all embryos were dead

decreased as the temperatures were shifted in either direction from the 60°-70° F.

interval. In general, developmental rate became faster, lengths of stages became

shorter, and overlap between stages was lessened as temperature increased.

The evidence that sea lamprey eggs can develop successfully only within a

limited temperature range suggests that unfavorable temperatures may account

for the failure of certain apparently suitable streams to produce larval lampreys.



EMBRYOLOGICAL STAGES IN THE SEA LAMPREY AND EFFECTS

OF TEMPERATURE ON DEVELOPMENT

By George W. Piavis, Fishery Research Biologist

The Great Lakes fisheries, the Nation's

richest source of fresh-water fishes for both com-

mercial and recreational fishing, have suffered

depletion of catch and the threat of disaster.

The danger has its origin in an increase in abund-

ance of the sea lampre\-, Petromyzon marinv^,

which is parisitic on and highly destructive of

fish. Major goals of the Great Lakes research

program of the U.S. Fish and Wildlife Service have

been to develop techniques for controlling this

menace, to restore the Great Lakes fishery stocks

to an economically profitable level of abundance,
and to sustain them at that level.

Others have outlined in detail the history' of the

sea lamprey within the St. Lawrence drainage and

their invasion of tlie upper Great Lakes: (Gage,

1928; Creaser, 1932; Hubbs and Pope, 1937;

Applegate and Moffett, 1955). The sequence of

this invasion was summarized by Applegate (1950)

as follows: 1921, Lake Erie; 1934, Lake St. Clair;

1936, Lake Huron; 1937, Lake Michigan; 1946,

Lake Superior.
In planning an attack against the ever-increas-

ing numbers of sea lampreys, practically every

phase of their life history has been investigated

except that of early embryology. A search of the

literature reveals little on the embryology of

P. rnarinu-s, Lampetra flumatilis, L. planeri, and

Ichthyomyzon unicmipis, the significant predators.
Still less has been written concerning the other

lampreys. Clear-cut stage designations are lack-

ing for all lampre3's. The usual embryological

designations for the common early stages of

development are mentioned through the gastrula

stage, but even tliese lack clear definition.

In order to portra}' accurateh' the embryology
of P. marinus, a study was undertaken which had
as its objective the determination and definition

of the various stages of development.

XoiE.—Dr. Plavls Is presently Assistant Prolessor of Anatomy, Balti-

more College of Dental Surgery, Dental School. University of Maryland,
Baltimore I, Md.
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In these studies, staging of lamprey development
has been considered essential to a better under-

standing of the results of the series of experiments
on effects of temperature. It was immediately
obvious that differences in developmental time

periods would result from variations in tempera-
tures. In order to place the entire series of temp-
erature experiments on a common basis, an accur-

ate series of stages was of the utmost importance.
A second objective of this study was to deter-

mine the range of temperature for development of

P. marinus eggs as well as their optimum develop-

mental temperature.
This work began with a preliminary investiga-

tion conducted on a part-time basis during the

summer of 1954. Intensive investigations were

carried on throughout the spring and summer of

1955 when temperature experiments were under-

taken. Confirmatory temperature experiments at

65° F. (18.4° C.) were conducted in the summer of

1956. These latter experiments also provided
materials for normal staging.

This research was conducted as part of my
graduate training at Duke University while

employed at Hammond Bay as a fishery research

biologist b}- the Great Lakes Biological Laboratory
of the U.S. Fish and Wildlife Service.

Embryological studies and experimental work

on living materials were conducted at Hammond
Ba3' where the facilities of the sea lamprey research

laboratory were placed at my disposal by Dr.

James W. Moffett, Director of the Bureau's

Great Lakes Biological Laboratories, and Dr.

Vernon C. Applegate, Chief of the Hammond Bay
Laboratory. Sectioning and statistical work were

conducted at Duke University. The University
also provided me with a refrigeration unit for use

at Hammond Bay and the other facilities and
materials necessary to the investigation.

Dr. Edward C. Horn, Duke University, knows
of my appreciation for his many criticisms and

patient guidance. I wish also to thank the staff
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of the Hammond Bay Laboratory, and especially
John Howell, for courtesies shown me and the

time spent in my behalf.

STAGES IN NORMAL DEVELOPMENT
MATERIALS AND METHODS

Eggs of the sea lamprey were taken from mature,

nest-building or spawning lampreys found in either

the Trout River or the Ocqueoc River, both tribu-

tary to Lake Huron, Presque Isle County,
Michigan.

Spawning lampreys were seized in a forked grip
which placed the lamprey between the forefinger
and the middle finger while the thumb anchored
the animal. Capture by hand, in this way,
minimized the loss of specimens by injury. The

lampreys were kept in stream water throughout
the transfer from the stream to the central collect-

ing point, and to the laboratory where they were

tempered and stripped in preparation for fertiliza-

tion. To condition the eggs and sperm adequately
to the test temperatures the lampreys were

tempered in running lake water 2 to 3 hours prior
to the initiation of the experiments.

Eggs were removed rapidly from female lam-

preys, held by two people. One held the anterior

end by placing a thumb within the oral disc, thus

taking advantage of the cusps to prevent slippage.
The other held the tail by means of a pair of pliers.

While the lamprey was thus outstretched, a

transverse slit was made with scissors in the mid-
ventral body wall at a point behind the heart and
the liver, i.e., at the anterior level of the ovaries.

If the females were ripe, eggs began to extrude
from this initial opening, whereupon the lamprey
was slit to the vent by a rapid stroke with half-open
scissors. Since the eggs are completely free in the

coelom of a ripe female, they were allowed merely
to flow into a 10-liter battery jar which contained
a few liters of lake water from the trough where
the animals were tempered. Any eggs entrapped
within the coelom or folds of the ovary were
removed rapidly by dipping the lamprey into the
water with the slit open. This method of remov-
ing the eggs was quicker and far superior to the

milking procedure used by McClure (1893) and
others (including the author) because the time

required to clear the female of eggs was limited

only by the dexterity of the operators. Further-

more, the eggs are not distorted or damaged.
Blood was not introduced into the fertilization jar

since the slit produced no blood providing neither

the liver nor the heart was pierced.
The males were grasped in the manner described

for the females. The individual who was holding
the lamprey by the oral disc forced the milt from
within the coelom through the genital papilla in a
stream directed over the eggs in the battery jar.
Two males were used for each female; four males
and two females constituted the usual batch.

Immediately after the addition of sperm, the jar
was provided with an air bubbler and placed in a

trough previously brought to the desired tempera-
ture. The entire operation from stripping to

placing in the jar was completed within 60 seconds.

Twenty to 30 minutes after fertilization the eggs
were washed. Washing was repeated at least two
more times dm-ing the first hour to insure complete
removal of excess sperm. After the fii-st hour the

eggs were apportioned among enamel pans (8"
X 12" X 2") or, on occasion, 4-inch glass bowls.

These containers were covered with glass plates
to minimize the accumulation of water-borne

debris, and submerged. Circulation of water
beneath the glass covers and over the developing

embryos was insured by allowing a small area of

the pans and bowls to remain uncovered. Care
was taken not to crowd the eggs in the containers.

Preliminary work had shown that eggs arranged in

more than a single layer were highly susceptible
to attack by fungus.

Development of the embryos took place in the

pans or bowls which were held at the desired tem-

perature in either constant-temperature troughs
or in 20-gallon aquariums. Each insulated trough
measured 12 feet by 2 feet by 9 inches and con-

tained an inner-water chamber surrounded by a

3-inch outer-water chamber. Spaces beneath the

metal divider provided free access between the

inner and outer cliambers. Water within the

inner chamber was provided with air from con-

trollable bubblers.

The troughs were equipped with thermostati-

cally controlled iieating units and refrigeration

units whicii provided temperature control within

±0.5° F. The refrigeration tubing, tlie heating

elements, and the thermostat bulbs lay within the

3-inch outer chamber.

Water was circulated over the thermal units by
a continuously revolving 6-vane water wheel

driven by a Ratiomotor. Since water flowed

freely between tlie outer and inner chambers, the
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action of the thermal units was transmitted witli

little time lag to the inner chamber wliich held tlie

container of eggs.

Heat for the high temperatures was provided

hy Bronwil circulators and heaters used in aquaria
filled with lake water and provided with a con-

trollable air bubbler. Bowls and pans were used

to contain the eggs within the aquaria as in the

troughs. Air bubblers and water circulation by
the Bronwil circulators provided air for the

aquaria. The circulators equipped with a contact-

tiiermostat and thermometer can be utilized for

any temperature setting from room temperature
to boiling. In order to attain the maxiiuum

range from this piece of apparatus the aquaria
were located within a cool room where it was

expected tiiat the ambient temperature would not

rise above the desired temperature. Tiie temper-
ature variation for the circulator was advertised as

±0.18° F. In actual practice, however, temper-
ature variation could not be noticed. The appara-
tus just described was utilized for experiments at

temperatures of 65° to 80° F.
;
the troughs were

used for temperatures from 45° to 70° F.

Prior to each experiment, troughs and aquaria
were washed, air-dried, and refilled with lake

water; the thermostat was then set at the desired

temperature. Observations of the temperature
at 5-minute intervals for a period of 4 to 8 hours

and occasional readings in the remainder of a 24-

hour interval, assured stabilization at the correct

temperature. After the desired temperature was

established, Taylor thermographs and hourly

readings of total-immersion thermometers (placed
on submerged rubber stoppers grooved to receive

them) gave a further check. The thermometers
were set in such a manner as to be readily visible

without liandling. Thermographs were not used
with the circulator but tlie temperature was
watched for 4 to 12 hours prior to the initiation

of the experiment. Because of the small varia-

tion in temperature delivered by the circulator, a

thermograph record was considered unnecessary
except when the ambient temperature was ex-

pected to rise above that desired. Furthermore,
a submerged thermometer was compared period-

ically witli the contact-thermostat and thermom-
eter.

All sampling was random throughout the experi-
nuMits, and in general, tiie procedure varied only
slightly from that outhned below. Fertilization

was considered zero time; the first sample was
taken 20 to 30 minutes after fertilization. There-

after, samples were taken at the following hours:

1, 2, 3, 4, .._ 12, 14, 16, 18, 20, 24, 28, 32, 40,

48, 72. After the 72d hour samples were

taken at 12-hour intervals until the end of the

experiment. In some of the longer experiments,

samples were taken each 24 hours after about the

18th day. In addition to the samples taken

during the run, all remaining eggs and larvae were

kept as a final sample.

Samples of specimens were placed in SjTacuse
dishes and the gross morphological characteris-

tics of the embryos were observed under a binoc-

ular dissecting microscope. The microscope was

equipped witii a calibrated ocular micrometer with

which all measurements were made. Immediately
after these observations all samples were placed
in Smith's fixative' for 12 to 24 hours, washed in

several changes of water during a 24-hour period,

and preserved in a 4-percent solution of formalin.

This method of fixation and preservation was
most satisfactory as judged by the pliabilitj' of

the heavily yolk-laden eggs after 3 years' pre-
servation.

Specimens to be sectioned for microscopic exam-

ination were washed overniglit in running tap

water, stained in alum-cochineal 16 to 24 hours,
then dehydrated and embedded in paraffin. Sec-

tions cut at 5 to 10 micra were mounted and

counterstained in a 0.5-percent solution of fast

green in 95-percent ethyl alcohol and covered

permanently.

DESCRIPTION OF STAGES

The following description of stages was based

on materials which were taken from all of the

batches of the different temperature series; but

greatest emphasis was placed on observations of

the 65° F. batches. Most characteristics of

embryos of the other batciies were itlentical with

those reared at 65° F. Those differences which

were observed are pointed out in the discussion

of the particular stage. The time intervals listed

for each stage include tiie time between the first

and last appearance of the stage in tlie samples
reared at 65° F.

The end-points selected for each stage were

established after numerous observations of both

'.Solution A: PotiiSSium hlchronuile 0.5 grn., wutor 87.5 cc. .Solution B
Formalin 10 cc, glacial acetic acid 2.5 cc. MK solutions .1 and B ImmcJl-

atcly before using.
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living and preserved materials. It was considered

essential to be able to recognize all preserved

stages at a later time as well as living stages at the

moment of collection.

In addition to the gross morphological end-

points, histological examination was used on

occasion to define the stage more critically. The

criteria selected were such as to include also the

physiological differences. Furthermore, since the

status of an animal is evidenced in part tbrough its

activity and movements, natural movements or

activity were incorporated as far as possible

into the staging criteria.

The method of fixation and preservation proved
to be suitable for recognition of practicaUj^ all

end-points. The normally transparent prolarvae
^

became opaque in Smith's fixative. When se-

lected specimens were fixed and preserved in 4-

percent formalin, however, retention of all pig-

mentation and transparency aided staging. The

formalm, of course, hardened the yolk mass and

the notochord enough to prevent the use of these

specimens for histological preparations.

Stage 0: Ovulated but unfertilized egg

Animal-polo depression: Present but just

visible.

Cellular areas: Nuclear; animal-hemisphere

cytoplasm; vegetal-hemisphere cytoplasm.
Size: 1.0 ±0.2 millimeters.

Ovulated eggs within the coelom are assigned
this stage. These creamy-white eggs are sur-

rounded by a relatively thin jelly coat which

expands when the eggs are shed into water. The
stickiness of this coat causes sand grains stirred

up by spawners to adhere to the surface of the

egg-

The surface of the unfertilized egg has a small

depression in the egg membrane over the nucleus

and extends into the nucleus proper. A demar-
cation separates the nucleus and the siu^round-

ing cytoplasm. One-third the distance down the

animal-vegetal axis the cytoplasm contains another

demarcation between the cytoplasm surrounding
the nucleus and the remaining cytoplasm.
The egg of the sea lamprey is telolecithal in

that the egg consists of a relatively large amount
of yolk and the nucleus is located at the center
of the animal hemisphere.

This stage is initiated when the eggs are ovulated

into the coelom and ends with fertilization.

Stage 1: Zygote (fig. 1) hours 0-2

Animal-pole depression: Increases in diameter

and depth; disappears within about 1 hour.

Cellular areas: Identical to stage 0.

Size: 1.0 ±0.2 millimeters.

Fertilization membrane: Appears within 20-30

minutes after fertilization; is retained through

stage 13.

Figure 1.—^Lateral view of stage 1, zygote, showing
cellular areas.

This stage extends from the time of fertilization

to the time when the fertilized egg begins to imder-

go first cleavage. A meridional section of a

fertilized egg (fig. 2) shows the yolk platelets

' Hubbs (1943) defined a prolarva as a "larva still bearing yolk." In the

present work prolarva includes stages 14-17.

Figure 2.—Meridional secUon of stage I prior to forma-

tion of fertilization membrane.
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within the cytoplasm surrounding the nucleus

and the remaining cytoplasm. The yolk of the

animal and the vegetal areas differs in that the

yolk platelets within the vitelline area are much

larger than those in the area around the nucleus.

The depression at the animal pole seen in stage

persists through this stage. The first indication

of significant morphological change is a noticeable

deepening of this depression which will remain

until about the first hour after fertilization.

Three distinct external areas indicate the

presence of the three internal areas: nucleus;

animal-pole cytoplasm; and vegetal-hemisphere

cytoplasm. Below the nucleus the cytoplasmic
area is demarcated by a band extending approxi-

mately one-third the distance down the animal-

vegetal axis. The remainder of the egg consists

of cytoplasm heavily laden with j'olk. Each of

the areas of the egg is visible both externally and

internally as early as the unfertilized egg and up
to the initiation of first cleavage.

Shortly after the animal-pole depression deepens,
the fertilization membrane appears.

Stage 2: Two cells (fig. 3) hours 2-8

Cellular areas : Visible in the daughter cells.

Size: 1.0 ±0.2 millimeters.

Cleavage: First furrow appears. Prominent

peaks in daughter cells. Holoblastic. Com-
pleted within 5-6 hours.

The external topography of the 2-celI stage is

comparable to that of the zygote in that the nu-

clear, and the animal- and vegetal-hemisphere

cytoplasmic areas are readily visible in both

daughter cells immediately after reconstitution

of the nucleus (fig. 3).

This stage begins when the animal pole of the

zygote begins to furrow and dimple in preparation
for first cleavage, and ends at the beginning of the

second cleavage furrow and dimple at the animal

pole. Cleavage is total, usually slightly unecpial

(fig. 4) but occasionally (less than 1 percent)

grossly unequal. As mentioned above, cleavage

begins as a small furrow; a slight uprising of the

cell membrane lateral to the furrow produces the

dimpled effect. As cytokinesis progresses the cell

membrane expands to a greater and greater extent

while the fertilization membrane remains un-

changed. The cell membrane continues to expand
until the cell reaches the stage seen in figure 3,

where the expanded cell membrane can be seen as

twin peaks lateral to and above the furrow. As

the cleavage furrow progresses meridionally over

Fkutre 3.—External views of stage 2, two cells, showing the expanded cell meinl)raiie (right side) and daughter cells

showing the cellular areas.

566128 0—61 2
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Figure 4.—External views of cleavage extremes of stage 2.

the cell, the ceU membrane expands in advance of

the progressing furrow.

Stage 3: Four cells (flg. 5) hours 8-11

Cellular areas : Visible in four daughter cells.

Size: 1.0 ±0.2 millimeters.

Figure 5.—Various external views of stage 3, four cells.

Cleavage: Second furrow appears: peaks are

less prominent than in first division. Holoblastic.

Completed within 3 hours.

Despite cellular division the three distinct topo-
graphical areas are still discernible in each of the

four cells.

Stage 3 begins with the advent of the second

cleavage furrow and dimple which starts in much
the same manner as the first; the furrow and

dimple are observed at the animal pole to either

side of the first cleavage furrow and progress

meridionally at right angles to the first cleavage
furrow. As in stage 2, the expanding cell mem-
branes are observed during cytokinesis.

The end-point of stage 3 is the appearance of

third cleavage furrow and dimple.

Stage 4: Eight cells (flg. 6) hours 10-15

Cellular areas: Visible in meridional type

cleavage.

Size: About 1.0 millimeter for equatorial divi-

sion. Meridional division increases equatorial
diameter and shortens meridional diameter.

Cleavage: Two types; meridional or equatorial.
Holoblastic. Completed within 2 hours.

Stage 4 begins with the appearance of the third

cleavage furrow, which may be either a double

Figure 6.—Polar views of meridional and equatorial cleavages forming stage 4, eight cells.
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meridional furrow or a single equatorial division.

The meridional type was described by McClure

(1893) for P. marinus eggs held at 6°-8° C. (42.8°-

46.4° F.) or at room temperature, whereas both

types of cleavage were found in this study. The

equatorial cleavage was not mentioned bj- Mc-

Clure, although it predominated in the present

study in all experimental batches, regardless of

temperature.

Embryos formed after meridional cleavage can

be distinguished by the flatness at the animal pole.

The nuclei are aligned four on each side of the

first cleavage plane (fig. 6). In some embrj'os the

segmentation cavity can be seen because the

embryo splits along the first cleavage plane.

The flatness of stage 4 embr>-os formed by
meridional divisions produces a large perivitelline

space which facilitates removal of the fertilization

membrane. The same operating space is not

encountered again until stage 9.

The embryos formed by equatorial divisions

have 4 micromeres resting upon 4 macromeres.

In them, the space available for removal of the

fertilization membrane is relatively small.

The end-pouit of this stage is the appearance of

the fourth cleavage furrow.

Stage 5: Sixteen cells (fig. 7) hours 13-15

Cellular areas: No longer recognizable from

external view.

Size : 1 .0 millimeter.

Cleavage : Equatorial or meridional, depending

upon type in stage 4. Pattern irregular. Com-

pleted within less than 2 hours.

Stage 5 begins with the appearance of the fourth

cleavage, the plane of which varies according to

the t>T)e of cleavage which formed stage 4; a

third-stage equatorial division, near the animal

pole, is followed by a fourth meridional division

and vice versa. Cleavage irregularity becomes

apparent during this stage; embryos composed of

9 to 16 cells are found and included in this stage.

The end-point of stage 5 is reached when the

embryo is composed of 17 or more cells.

Stage 6: Thirty-two cells (fig. 8) hours 16-19

Size: 1.0 millimeter.

Cleavage: Random and indeterminate. Com-

pleted within 1 hour.

FinuRE 7.—Several views of stage o, sixteen cells, illus-

trating differences in size of animal and vegetal cells.

Figure 8.—Several polar views of stage 6, thirty-two cells.

Embryos were assigned to this stage when 17

to 32 cells were distmguishable. Cytokinesis at

this point, however, became mdeterminable so

that the fifth cleavage appeared to take place at

random. Cell counts were made on all embryos
that could not be identified on the basis of relative

cell sizes by comparison with both stages 5 and 7.

When animal cells arc compared with animal

cells, and vegetal cells with vegetal cells, the cells

of stage 6 embryos will be about one-half the size

of stage 5 colls and approximately twice the size

of stage 7 cells. The relative sizes of the animal-
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and vegetal-cells can be ascertained in figure 9, a

meridional section of stage 6.

The extent of the blastocoel can also be seen in

figure 9. The roof of the blastocoel is composed
of a single layer of relatively large animal cells

whereas large vegetal cells extending from the

vegetative pole to the blastocoel constitute the

floor. The end-point of stage 6 is reached when

the embryo has 32 cells.

Figure 9.—Meridional section of stage G.

Stage 7: Sixty-four cells (fig. 10) hours 19-24

Size: 1.0 millimeter.

Cleavage: Indeterminate.

Stage 7 is considered to have begun when the

embryo has more than 32 cells. The cleavage
continues indeterminable in this and later stages.

Recognition of the stage becomes a matter of cell

counts and comparison of cell sizes with those of

the preceding and succeeding stages. A cursory
count of the animal cells is made to get an approxi-
mate estimate of the stage to which the embryo
should be assigned; the final assignment is based

on a combination of cell size and cell count. As
cell size diminishes the contour of the embryo
becomes smoother. This change can be seen in

a comparison of figures 8 and 10. The animal cells

are still smaller than the vegetal cells, which have

Figure 10.—Polar and lateral views of beginning stage 7,

sixty-four cells.

since divided and are now only about twice the

size of the animal cells.

The end-point of stage 7 is reached when the

embryo has more than 64 cells. Division of all

animal cells along with division of the vegetal cells

can be taken as an approximate end-point.

Stage 8: Full blastula (fig. 11) hours 24-64

Size: 1.0 millimeter, increasing to 1.2-1.4 milli-

meters.

Cleavage : Furrows seen on individual cells.

Animal hemisphere: Becomes translucent.

Blastocoel: Visible through animal cells.

Wlien the animal pole cells of stage 7 undergo
further cell division as evidenced by further reduc-

tion in cell size and the appearance of cleavage

furrows, the embryo is considered to have entered

stage 8. The most striking external feature of this

early phase of the stage is its contours (compare
to stage 7) which become progressively smoother

as the number of cell divisions increases and cell

size decreases.

In the final phase of this stage the volume of the

embryo increases by some 3 to 5 times. Measure-

ments of living specimens made withm a cali-

brated ocular micrometer at the initiation of and
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Figure 11.—Polar views of stage 8, full blastula, arranged to illustrate changes in cell size.

just prior to this stage were consistently about 1.0

millimeter across as viewed and measured in

optical section perpendicular to the animal-

vegetal axis as well as along that axis. Subse-

quent measurements prior to the appearance of the

dorsal lip of the blastopore, the end-point of

stage 8, ranged from 1.2 to 1.4 millimeters. The

increase in volume is accompanied by translucency

of the animal-pole cells so that the outline of the

blastocoel becomes visible through approximately
one-third the surface of the embryo. The size of

the animal cells does not change during the

expansion process; the increase of the blastocoel

indicates that the expansion is due to blastocoel

enlargement. The blastocoel is at its greatest

volume at the end of stage 8. The animal cells

are still about one-half the size of the vegetal cells.

This size relation is maintained as long as the

epiboliznig animal cells can be compared externally

with the underlj'hig vegetal cells.

The end-point of stage 8 is the appearance of the

blastopore.

Stage 9: Gastrula (fig. 12) hours 64-104

Size: 1.2 to 1.4 niillinieters decreasing to 1 .f)

millimeter.

Animal hemisphere: Translucent to transparent

Figure 12.—Posterior view of stage 9, gastrula, illus-

trating the blastopore.

to opaque. Opacity extends progressively forward

from blastopore. Begins to flatten, forming
neural plate.
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Blastocoel: Progressively obscured by opacity
of animal hemisphere. Decreases in volume.

Blastopore: Forms as wide arched slit. Hooded
as neural plate begins to form. Apparently

migrates.
The translucency of the animal hemisphere of

stage 8 changes to transparency after the appearance
of the blastopore. Through the transparent animal

hemisphere the underhdng chorda-mesoderm is

visible as it undergoes its morphogenetic move-

ments. During this period the volume of the

blastocoel decreases when the chorda-mesoderm

reaches a position two-thirds the distance across

the animal hemisphere. The most advanced

portion of the chorda-mesoderm is in the mid-

sagittal plane; the material in the parasagittal

planes lags behind these more advanced cells.

As this m.aterial progresses beneath the animal

hemisphere, the dorsal lip of the blastopore pro-

gressively increases in thickness and begins an

apparent migration from its original position at

or near the overlap of animal and vegetal cells

one-third the distance from the center of the animal

hemisphere, toward the center of the animal hemi-

sphere. As the chorda-mesoderm moves to its

anteromost position in the embryo, the trans-

parency of the animal hemisphere decreases, and

the decrease in the volume of the embryo continues.

The typically circular blastopore of later stages
is formed by progression of the animal cells in their

epibolic movements to produce a changing pattern
to the dorsal lip and, necessarily, the blastopore.

At the time of the blastopore's inception the

advancing margins of epibolizing cells beneath the

blastopore approach each other laterally as a

wide-open V with the apex at the center of the

dorsal lip of the blastopore. As gastrulation pro-

gresses, these V-arranged margins close toward

each other until only the vegetal cells below the

blastopore remain uncovered. These vegetal
cells are covered by epibolizing cells which move
upward along the mid-sagittal plane (fig. 12).

As the chorda-mesoderm advances farther into

the anterior portion of the embryo, the blastopore

begins an apparent migration along the mid-sagit-
tal plane from its original position to one located

at the posterior limit of the mid-sagittal plane in

stage 10. Histological comparisons between stages
8 and 9 indicate that this apparent movement re-

sulted from reduction in the size of the blastocoel.

At this time the dorsal region of the entire embryo
begins to flatten and to thicken from the dorsal lip

of the blastopore to the anterior region.

Stage 9 is marked by the appearance of the

dorsal lip of the blastopore, a flat crescentic-

shaped furrow within the overlapping line of the

animal cells epibolizing over the vegetal cells.

Recognition of the stage depends upon locating
the blastopore half-way beneath the embryo; the

observer must rotate the embryo to find it.

The end-point of stage 9 is reached when the

flattening process reaches the anterior end of the

embryo.

Stage 10: Neural plate and groove (fig. 13) days 4-5

Size: 1.1 to 1.3 millimeters.

Blastopore: Triangular to ovoid. Reaches its

dorsalmost point.

Neural tissue: Neural plate forms and thickens.

Groove and folds form.

Figure 13.—Lateral view of stage 10, neural plate.

Stage 10 begins when the flattening of the dorsal

ectoderm mentioned in stage 9 has reached the

anterior extremity of the embryo (fig. 14). At the

same time, the nearly completed blastopore is

near or at the dorsalmost point of the posterior area

of the mid-sagittal plane of the embryo (fig. 15).

Further thickening of the depth of the flattened

area follows almost immediately after the flat-

tening of the dorsal ectoderm extends from the

blastopore to the anterior region. These animal cells

are no longer transparent. The ovoid to triangular
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Figure 14.— Dorsal view of stage 10 illustrating neural

groove.

Figure 15.—Posterior view of stage 10 illustrating blasto-

pore and neural plate with neural groove.

blastopore is now at the uppermost point of its

apparent migration along tlie mid-sagittal plane
and the flattened ectodermal cells (neural plate)

are at the height of their thickening. Practically

all the vegetal cells are covered by tlie epibolizing

animal cells. Immediately after the neural plate

thickens, the central portion of the plate begins to

form a trough, producing a neural groove and

fold stage (fig. 16). As tlie groove in the neural

plate deepens the "folds" begin to approximate
each other and unite. The first actual union

occurs in the mid-dorsal region of tlie embryo.
This union is the end-point for stage 10.

Figure 16.—Cross-section of stage 10

Stage 11: Neural rod (fig. 17) days 5-6

Size: 1.1 to 1.3 miUimeters.

Blastopore : Circular. Apparent migration
toward ventral surface of embryo.

Figure 17.—Oblique lateral view of stage 11, neural tube.

Neural tissue: Union of folds middorsally on

embryo. Neural tube lacks netirocoel, and thus

is a neural rod. Becomes prominent across dor-

sum of embryo; circumscribes approximately two-

thirds of embryo.
In the late phase of this stage the dorsopos-

teriorly located, circular blastopore begins an

apparent migration toward the ventral surface

accompanied by a similar ventral movement of

tlie prospective head. Toward the end of tliis

stage the circular blastopore is at the venti'al-

most point of tlie posterior as contrasted witli its
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earlier position at the dorsalmost point of the

posterior. Those movements continue until the

nem-al rod occupies approximately two-thirds of

the circumference of the embryo.
The union of the folds marks the beginning of

stage 11. The neural plate begins to round up
and appears in external view to have become a

neural tube with anterior and posterior neuropores.

This appearance is a result of the apparently simul-

taneous, progressive union of the folds in anterior

and posterior directions from the site of first

union, the middorsum.

The external morphology of this stage is as

deceptive as that of the preceding stage since

histological examinations reveal that the neural

tube docs not possess a neurocoel; in reality the

neural tube is a neural rod as described by Shipley

(1885). In the anteromost region the neural rod

seems to elevate from the surrounding and under-

lying tissue.

The end-point of this stage is reached when the

anterior region is raised above the globular yolk
mass.

Stage 12: Head (fig. 18) days 6-S

Size: 1.1 to 1.4 millimeters.

Blastopore: Below posteriormost point of neural

rod, at ventral surface of embryo. Circular.

Neural tissue: Very prominent from head to

blastopore. Neurocoel over presumptive pharynx.
Head: Elevated from yolk mass. Free length

approximately 1.0 millimeter.

Yolk : Globular as in preceding stages.

Stomadaeum: Invagination begins.

Measurements of the embryo from the tip of the

head to the posteriormost point of the yolk mass

along the neural rod gave a range from 1.0 to 1.1

millimeters when the head was just beginning to

form and 1 .3 to 1 .4 millimeters when the head was

fuUy formed and elevated from the yolk mass.

Although sections show that some somites have

formed, they are not discernible externally.

The blastopore is below the posteriormost point
of the neural rod and faces directly ventral

during the initial period of this stage. When
the head is fully formed, the blastopore faces

anteriorly along the ventral surface toward the

head.

Histological examination proves that the neural

rod forms its neurocoel over the presumptive

phar\nix only. By this time the neural rod ex-

tends along appro.ximately 75 percent of the

periphery of the embryo (fig. 19). The rod is

prominent and extends from the head to the blas-

topore.

Figure 18.—Lateral view of stage 12, head.

FiGnRE 19.—Parasagittal section of stage 12.

Elongation takes place faster in the head region

than in the tail region. The anterior part becomes

well elevated and protrudes between the lateral

swellings. The length of the head and the pre-

sumptive branchial region is about 1.0 millimeter

at the end of the head stage. The appearance

of a head on the exterior of the embryo marks

the beginning of stage 12. This change is caused

by the sudden increase in length of the neural rod

during stage 11 and the sudden expansion of the

presumptive pharyngeal cavity both dorsally and

laterally to produce an upswelling of the pro-

spective head from its original position.
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The yolk mass retains the globular shape it had

in the preceding stage. The stomodaeal invagi-

nation begins in the ventral portion between tlie

lateral swellings.

The end-point of this stage is reached when the

head region begins muscular activity.

Stage 13: Prehatching (fig. 20) days 8-12

Size: 1.4 to 2.5 millimeters.

Blastopore: Circular. Much reduced. Lo-

cated at anteriormost point of apparent migration.

Figure 20.—Lateral view of stage 13, prehatchiiig.

Neural tissue: Neural rod now a true neural

tube. Prominent above somites from blastopore

to head.

Head: 2.0 millimeters.

Yolk: Obovate, blunt end posterior.

Stomodaeum: Deepens and widens.

Somites: 5 to 20; not easily distinguished

externally.

Locomotion: First muscular activity. Move-
ment of free embryo, head.

The length of the head region has increased

from 1.0 millimeter at the beginning to 2.0 milli-

meters at the end of this stage. Measurements

were taken from the tip of the head to the anterior-

most part of the yolk mass.

The blastopore, which is situated antero-

ventrally lies at its anteriormost position directly

opposite the stomodaeal invagination.

Stage 13 begins with the advent of muscular

activity. These movements initially are mere

lateral flexions of the head and "neck" portion of

the embryo; up-and-down activity is not apparent.
As the embryo enlarges, muscular contraction

includes dorsoventral flexion and becomes \n\-
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dulating rather than wagging. With increase in

in the embryo's size the perivitelline space be-

comes fully occupied, since the embryo, arranged
in circular fashion within the membrane, begins

to spiral upon itself. During this growth the

above-mentioned movements become more forceful

and more frequent.

Embryos that show movement but still have in-

tact fertilization membranes are in stage 13. The

endpoint of stage 13 comes when the head pro-

trudes through the fertilization membrane to

initiate hatching.

Stage 14: Hatching (fig. 21) days 10-13

Size: 3.0 to 5.0 millimeters.

Blastopore: Minute opening at apex of 90°

ventral flexion of posterior. Dubious structure for

staging.

Figure 21.—Lateral view of several prolarvae of stage 14,

hatching, showing posterior curvature, somites, yolk

mass, and condition of mouth and nostril.

Neural tissue: Neural tube still very prominent

above somites.

Yolk (gut) : Becomes slender and assumes a

spatulate shape. Posterior region has 90° ventral

flexion. Anteriormost portion greenish.

Stomodaeum: Deep pit located ventrally.

Somites: 18-20 to 30-35. Extend from neural

tube to gut.

Locomotion: Hatching movements. Undula-

tion of anterior bodv region onlv.
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Nostril: Begins as single invagination in mid-

ventral line, anterior to the stomodaeum.

Transparency: First appearance of ectodermal

transparency over pericardinm. Extends pos-

teriorly and anteriorlj' in later phases of this stage.

Circulatory system: Pericardium visible through

transparent ectoderm. Straight tubular heart.

Begins beating 40 times per minute.

Liver: First indication posterior to pei'icardium

in anterior part of gut. Appears in late period of

stage.

Stage 14 starts when the embryo breaks through
the fertilization membrane. The constant move-

ment observed in stage 13 finally becomes suffi-

ciently strong to extrude the head through the

membrane. Further activity enlarges the tear in

the membrane and eventually leads to hatching.

The pericardial cavity appears as a ventral swell-

ing approximately 1.0 millimeter posterior to the

tip of the head. It is also present in late stage 13

but is not easily recognized in most embryos.

Shortly after hatching the ectoderm overlying the

pericardial region and the tissue beneath gradually

become transparent. A short time later, the body
anterior to the pericardial cavity becomes trans-

parent.

Through these transparent tissues can be seen

the straight tubular heart which begins to pulsate

during the eleventh day at 40 beats per minute (at

65° F.). There is no sign of blood in the heart or

anywhere in the prolarva.
The end-point of stage 14 is reached when

melanophores appear on the embryo.

Stage 15: Pigmentation (fig. 22) days 13-16

Size: 5 to 6 millimeters.

Neural tissue: Brain and tube visible through
ectoderm.

Gut: Spatulate, changing to cylindrical. Ven-
tral flexion of about 10° remains. Anterior face

greenish.

Stomodaeum (mouth) : Transverse sUt bounded

by thickened lips. Opens into oral cavity.

Somites: 35 to 50.

Locomotion: Undulation of entire body slightly

restricted by yolk-filled gut in early stage. Full

swimming movements in late period.

Nostril: Single, median at anteriormost point on
ventral surface.

Transparency: Extends anteriorly to branchial

region and posteriorly to about two-thirds the

length of the prolarva.

Circulatory system: Heart becomes S-shaped.
Heart walls thicken. Grayish channel forms in

midventral gut and turns red as hemoglobin ap-

pears. Bilateral channels appear in 15th day.
Heart beat, 100 per minute.

Liver: Becomes larger and vascularized.

Pigmentation: First appears as bilateral melano-

phores dorsal to the midbrain.

The stomodaeal pit has become a slit opening
into the anterior (oral) chamber of the pharynx
which is separated from the posterior (pharyngeal)
chamber by the velum. The transverse slit is

bounded by a thickened ectodermal lip anteriorly

and posteriorly. The pharynx has its full comple-
ment of 7 visceral pouches.

Deftness of swimming increases as the shape of

the yolk mass changes from spatulate to cylindri-

cal. At the same time the tail straightens from its

ventral flexion. The prolarvae progress from the

awkward movements of stage 14 to an undulating

movement, the smoothness of which depends on

the amount of the ventral flexion of the tail.

The heart has enlarged and assumes an S-shape

Figure 22.—Lateral view of stage 15, pigmentation, showing somites, pericardial area, and condition of yolk.
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as the auricle moves dorsal to the ventricle. Botli

auricular and ventricular walls begin to thicken

but remain transparent. The rate of heartbeat in-

creases from the 40 per minute of stage 14 to 100

per minute at the end of stage 15.

Between the 13th and the 14th days a graj-ish

channel develops along the midventral line of the

cylindrical yolk mass. The channel extends from

the anterior portion to the midpoint of the yolk-

filled gut and within a short time turns red as

hemoglobin is produced. During the 15th day
bilateral channels appear along the midlateral line

of the yolk mass and then converge to form a single

vessel to the heart.

Stage 15 is initiated by the appearance of a pair

of dorsal melanophores bilateral to the midbrain.

vSecond and third pairs appear in sequence immedi-

ately posterior to the original ones. Shortly after

the appearance of the third pair, a melanophore
can be seen above the anterior branchial region.

Pigmentation spreads anteriorly and posteriorly

from the dorsal pau-s along the neural tube (fig.

23) ;
it spreads posteriorly and ventrally from the

lateral pair along the line between the yolk and the

somites, as far as the anterior limit of opaque or

undifferentiated tissue. As transparency pro-

gresses, the posterior distribution of melanophores
is extended correspondingly.
The end-point of stage 15 is reached with the

appearance of the gill slits.

Stage 16: Gill-cleft (fig. 24) days 15-17

Size: 6 to 7.5 millimeters.

Neural tissue: Divisions of central nervous

system recognized through ectoderm.

Gut: Cj'lindrical yolk mass. Increases in

length and becomes more slender. No ventral

flexion. Anterior portion greenish. Postanal gut

present. Anus forms at persistent blastopore.

Mouth: Semicircular slit. Enlarges to hooded

mouth. Oral cirri make first appearance.
Somites: No longer useful as staging criterion.

Locomotion: Larval swimming pattern. Very

adept at end of stage.

Nostril: Migrates from anteroventral to antero-

dorsal extremity.

Transparency: Practically entire prolarva be-

comes transparent except gut.

Circulatory system: Ventricular wall has thick-

ened. Heart beat, 150 per minute. Flow of

blood readily visible.

Liver: Size increases. Distinctly separated
from gut.

Pigmentation: Melanophores extend along dor-

sum and sides of embr^'o from anterior to posterior.

Bilateral eyespots appear at end of stage.

Gill clefts: First appearance. They become

functional.

Respiratory rate : 120 per minute.

Fins: Caudal and anal fins appear.
The mouth continues to migrate anteriorly and

Figure 23.—Dorsal view of stage 15 showing condition of pigmentation over the head region.

Figure 24.—Lateral view of stage 16, gill cleft, showing gill clefts, somites, pericardial area, and pigmentation
over yolk mass.
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the nostril dorsally. The anterior Up of the slit-

Hke mouth of stage 15 moves anteriorly at the

midline only, producing a semicircular mouth.

Migration of the anterior lip and nostril continues

until the mouth lies at the anteroventral extremity
and the nostril is at the anterodorsal extremity.

In later phases of the stage the mouth enlarges and

is hooded by the anterior lip. Oral cirri begin to

form posterior to the anterior and posterior lips.

Movement during this stage is by a rapid undu-

lation of the trunk and tail. All ventral flexion

of the tail region has disappeared during the trans-

ition from stage 15 to 16.

The anterior boundary of the auricle lies over

the center of the ventricle. The flow of blood

through the heart and other parts of the prolarva

is seen readily.

In the latter period of this stage the bilateral

pigmented retina (eyespot) appears anterior and

dorsal to the velum. Melanophores which extend

down the length of the neural tube and along the

yolk-filled gut begin to migrate ventrally from

both levels. Melanophores migrate along the

myosepta from the neural-tube level and ventrally

from the yolk-somite line. The anterior lip and

head region also are well pigmented.

The appearance of gill clefts marks the initiation

of stage 16. They appear and start functioning
in order from the first to the seventh. Function-

ing of the branchial apparatus can be determined

by two means: beating of the velum (between
the oral cavity and the first visceral cleft) as it

forces water through the pharynx; or, contractions

of the gill clefts. The respiratory rate (velum
beat) is 120 per minute.

The end-point of stage 16 is reached when the

prolarvae acquire bilateral eyespots and are about
to burrow.

Stage 17: Burrowing (fig. 25) days 17-33

Size: 7.5 to 9.0 millimeters.

Gut: Cylindrical and yolk-fUled. Postanal gut
absorbed. Esophagus visible on left side. Cloaca

transparent. Peristaltic movements in hind gut.
Lumen of gut opens at end of stage.

Mouth: Oval with dorsal and ventral lips.

Opens anteriorly. Oral cirri.

Locomotion: Swimming movements same as in

stage 16. Prolarvae burrow.

Nostril: On dorsal aspect, its ultimate position.

Transparency: Complete except for yolk-filled

gut.

Figure 25.—Lateral views of stage 17, burrowing, showing the condition of the mouth and the lips.
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Circulator}" system: Heart walls thicken.

Heart beat more than 200 per minute. Flow of

blood visually traceable throughout most of

prolarva.

Liver: Further increases in size. First indica-

tion of gall bladder on right side.

Pigmentation: Melanophores extensively dis-

tributed. Aggregation over pronephric region

and caudal end of notochord and neural tube.

Respiratory rate: 200 per minute.

Pronephros: First detectable externally.

The posterior region of the gut becomes trans-

parent as the cloaca is formed with the opening
of the pronephric ducts into the gut (histological

observations). A yolk pellet forms in the gut ante-

rior to the cloaca as the result of peristaltic move-

ments of the gut. These movements move the

pellet toward the anus and then back to the

remaining yolk mass.

The lips take on the characteristic larval form.

The mouth opens directly anteriorly, so that the

anterior lip has now become the dorsal lip and the

posterior lip the ventral.

Stage 17 begins when the prolarvae burrow into

the bottom mud. Burrowing is the result of the

action of both the tail and the head regions. As

the head moves from side to side to create space
within the mud, the lashing of the tail drives the

prolarva into the mud. Prolarvae of this stage

placed in aquaria or beakers first swim near the

surface of the water and then suddenly plunge
downward with rapid swimming movements until

they reach the bottom, when they immediately

begin to burrow. Prolarvae of stage 16 merely
drift down to and lie on the bottom. Swimming
movements do not differ from those of stage 16.

The liver is extended farther and the presence
of the gall bladder in the later period is marked

by its bile-green color.

The eyespot or retina is very prominent anterior

and dorsal to the velum. Melanophores have

spread completely around the gut region to the

ventral surface. They have migrated down the

lateral surface of the velum and the gill bars,

and have completely outlined the branchial

basket. The dorsal lip is covered completely
with melanophores.
A pronephros dorsal and posterior to either side of

the pericardial cavity is visible externally because
of the presence of much blood. This stage is the

first in which the pronephros is visible externally.

The end-point of stage 17 is reached when the

lumen of the yolk-filled gut is opened.

Stage 18: Larva (fig. 26) days 33-40

Size: 9 millimeters and longer.

Gut: Lumen completely opened. Yolk ex-

truded from gut. Gut tissue becomes trans-

parent.

Respiratory rate: 200 per minute.

Figure 26.—Various views of several stage 18 larvae on

a black background. Shown are: condition of the mouth
and lips, eyespot, pigment outlining branchial region,

liver immediately posterior to the heart, somites, fins,

and the gut from the liver to the cloaca. The granular

appearance along the gut is caused by pigmentation.

The transition from the prolarval to the larval

condition (all systems differentiated save genital)

is marked by the differentiation of the formerly

yolk-filled gut into its definitive form. This

change is seen outwardly as the gut becomes

transparent at the "stomach" region behind the

liver. Transparency progresses posteriorly until

the entire gut has differentiated and the digestive

system is open from the mouth to the anus.

After the pellet described in stage 17 is passed,

yolk remaining within the lumen of the gut is

extruded constantly from the anus.

Stage 18 larvae are between 9 and 10 milli-

meters long at the time the gut becomes fully

differentiated. They belong to the first larval

stage wliich would be equivalent to age-group

0, 11 to 21 millimeters long, of Applegate (1950).
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REVIEW OF STAGES AND COMPARISON
WITH EARLIER STUDIES

Staging of lampreys in most early literature

lacked precision. Investigators, for example,

Shipley 1885, Scott 1887, McClure 1893, Hatta

1914, 1915, who studied early embryology, gave

little or no attention to the need for staging.

Developmental sequence was described in con-

ventional embryological terms.

The first serious attempt to show stages of

lamprey development was by Damas (1944) in his

excellent histological study of L. fluviatilis, con-

cerned primarily with tracing development of the

head. Each section (comparable to a stage) com-

prised a short account of external features and a

thorough histological description. His staging

series began with embryos possessing 3 somites

(section 1). The next section included embryos

with 10 somites. (Every somite listed by Damas

was not visible in external view, but each was seen

histologically.) On the basis of somite numbers

Damas was able to describe several stages slightly

different from each other which could be described

also by staging based on external morphological

features. Some of his sections, based usually on

intervals of 10 somites, have been translated into

stages of the present study for comparison in

table 1.

Stages described in the present work have been

based primarily on changes of external features.

Histological observations have been used sparingly

and merely for clarification. Damas, who began

his study after development had started, omitted

the first 9 stages of the present work. Because

his criteria were histological, his stages are over-

lapped by stages in the present study (table 1).

Table 1.—Equaling o/ "sections" of Damas (1944) study

with "stages" of the present research

Damas (section),
Plavis (stage) . . .

Damas (section)
Piavts (stage) . . .

Damas (section)
Plavis (stage) . . .

I
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the vegetal cells are covered by the epibolizing

animal colls.

Blastopore formation, as was observed by

Shipley (1885), involves behavior of animal cells

and vegetal cells similar to that in amphibians and

teleosts. When invagination of animal cells

forms the blastopore, the margin of animal cells

is arranged latitudinally around the embryo from

the blastopore. As the animal cells continue to

epibolize, the vegetal cells are covered by animal

cells from the anterior and dorsolateral portions

of the animal hemisphere and subsequently from

the posterolateral and ventral positions in the

fashion described for stage 9. Thus, migration of

animal cells over vegetal cells in the lamprey
matches closely the epiboly of animal cells in

amphibians. The dorsal lip does not curve as

much, however, in the sea lamprey as in amphib-
ians. If the blastopore is considered to be de-

fined by the line of epibolizing animal cells, as it is

in teleosts, the blastopore of the sea lamprey is at

first oval. This shape results from alignment of

animal cells lateral to the midsagittal plane. A
circular blastopore is formed when animal cells

at the ventralmost point of the oval-shaped

blastopore cover the oval yolk plug in a ventral-

to-dorsal direction along the mid-sagittal plane.

The circular blastopore of the sea lamprey

apparently migrates toward the center of the

animal hemisphere whereas the teleost blastopore

migrates toward the vegetative pole as the embryo
lengthens. The amphibian blastopore eventually
reaches and passes beyond the vegetative pole at a

stage equivalent to stage 13 of the lamprey.
Because teleost embryos do not extend ventrally
over the yolk mass the blastopore does not reach

the vegetative pole.

The apparent migration of the lamprey blasto-

pore might possibly be attributed to the decrease

in the vohim(> of the blastocoel during stages 9

and 10. An increase in embryo volume which

takes place in stage 8 is apparently due primarily
to the incr(>ased volume of the blastocoel. During

stage 9, after involution is completed, the volume
of the eml)ryo decreases as the result of a decrease

in th(> volume of the archenteron. The archen-

teron, in reality, is the original blastocoel since

th(> blastocoel is not obliterated during gastrula-
tion (histological observations) as it is in amphib-
ians. In this feature of gastrulation the lamprey
closelv resembles teleosts. Since decrease in

the size of the archenteron shortens the embr\'0 and

since growth of the neural tube in stages 12 and

13 moves the blastopore along the mid-sagittal

plane, the blastopore appears to migrate.

The present study also corroborates Shipley's

(1885) observation that the open blastopore

persists, eventually becoming the anus. Histo-

logical sections permit tracing the archenteron

to an open blastopore through stage 15. During

stage 16, the diameter of the blastopore widens

and the lips thicken to form the anus. The

archenteron can be traced to the anus in stage 16

as it was traced to the blastopore in stage 15.

Shipley recognized that the early neural tube

did not possess a neurocoel and called it a neural

rod, which term has been retained here. Selys-

Longchamp (1910) described neural-tube forma-

tion in lampreys as intermediate between the keel

method of teleosts and neural-fold method of

other vertebrates.

Among the morphological features promuient

during development were the gut, liver, gall

bladder, hemoglobin and vascularization, and

pigment. The gut opens from the oral cavity to

the anus at stage 18. The stomodaeum opens in

stage 16, the esophagus in stage 17, the cloaca in

stage 17, and finally the portion between esophagus
and cloaca at stage 18.

The formation of the hver in late stage 14 is

indicated by the greenish cast of the anteriormost

portion of the gut. Vascularization of the liver

occurs during stage 15. The size of the liver con-

tinues to increase through stages 15 and 16. A

gall bladder forms in stage 17; it is recognizable

externally bj^ its accumulation of blue-green bile.

Additional changes in stage 15 embryos include

the appearance of hemoglobin within the blood

channels which had formed in the yolk-filled gut.

Blood cells appear first in the midvcntral channel

and soon are in all three major channels. Blood

formation and the bulk of vascularization take

place in stages 15 and 16. Vascularization is ex-

tended in stage 17, when practically all major
vessels can be traced by following red corpuscles

within the transparent tissues.

Pigmentation of the embryo begins as two

melanophores bilateral to the midbrain. Succes-

sive pairs of melanophores appear posterior to the

initial one; n(>xt is the appearance of a melanophore
above the branchial region. The number of

melanophores increases throughout stage 15 when
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they loosely cover the dorsum and form a hne

posteriorly from the branchial region between

yolk and somites. In stage 16 melanophores
extend along the dorsum and sides of the embryo.
Bilateral eyespots appear at the end of stage 16.

The melanophores become more extensively dis-

tributed in stage 17. Aggregations appear over

the pronephric region and the caudal end of the

notochord and neural tube. The anterior lip,

and the head region and the gut become profusely
covered with pigmentation. The pattern of pig-

mentation changes little in stage 18 except that

the pigmented area is extended.

Activity in the embryo included locomotory

movements, heart beat, and velum beat. First

evidence of activity is the movement of the head

region, produced by muscles of somites of stage 13

embryos. Greater muscular movements take

place during later stages, including the movements
that lead to : hatching; poor swimming movements
of stage 14; somewhat better swimming in stage

15; the greatly increased deftness of swimming in

stage 16; and movements which accomplish bur-

rowing at stage 17.

Changes in the heart region in stage 14 embryos
can be seen through the ectoderm over the peri-

cardial cavity as it becomes transparent. The
heart begins to beat at a rate of 40 times per

minute, increasing to 100 per minute in stage 15,

150 per minute in stage 16, and more than 200

per minute in stage 17.

The respiratory system becomes functional at

stage 16 when the initial respiratory rate (velum

beat) is 120 per minute. This rate increases to

200 per minute in stage 17 and is maintained at

this rate into stage 18.

In general, lamprey development resembles

amphibian development in cleavage (stages 1-8).

Lamprey gastrulation resembles amphibian gastru-
lation in some respects and teleostean in others.

Epiboly is more like that of amphibians than of

teleosteans. Invagination and involution of

chorda-mesoderm seem similar to that in amphib-
ians. Formation of the lamprey archenteron

produces a situation comparable to that of a

teleost. In both, the developing embrvo is lo-

cated on a large yolk mass but separated from the

yolk by an archenteron which was the original

blastocoel. A major diflFerence between the two is

that lamprey yolk is divided whereas teleostean

yolk remains undivided. Another similarity to

teleostean development is the formation of a solid

neural rod which develops a lumen only after

neurulation has been completed.

DEVELOPMENT AT DIFFERENT
CONSTANT TEMPERATURES

The primary objective of the experimental

rearing of sea lampreys at a series of constant

temperatures was to determine the temperature
levels at which the eggs were capable of developing
into normal, viable larvae. As part of the work,
detailed records were kept on : the relation between

temperature and progression of development;

mortality rate during development ;
occurrence and

nature of developmental abnormalities. Infor-

mation of this type may help explain the failure,

noted both in the LTnited States and in Canada,
of the sea lamprey to utilize certain apparently
suitable spawning streams as extensively as other

apparently similar waters.

MATERIALS AND METHODS

The experiments were conducted at tempera-
tures and with the aid of equipment indicated in

table 2. Throughout this work, control lots at

65° F. were maintained as an index to develop-

ment. Thus, any one control lot could serve

efTectively as an indicator to several other experi-

ments. Eggs from 2 to 4 females were mixed with

sperm from 4 to 8 males. These eggs were then

apportioned into containers in the numbers (by

actual count) indicated in table 3.

Table 2.—Equipment used in experiments on development
at constant temperatures

Temper-
ature
(-F.)
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Table 3.—Specimens and number of eggs used in experi-
ments on development at constant temperatures

(Ono group of lamprevs provided the eggs for experiments conducted at 45°,

55°. 7n°, 75°. and 80° and another group for those at 52.5°. 00°, and 77.5°.

Eggs from the lots that supplied materials for experiments at 50° and 65°

were reared at the one temperature only]

Water temperature
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ACCOUNT OF INDIVIDUAL EXPERIMENTS

Development at 45° F.

The sea lamprey eggs could not make even a

good start toward development in a constant

temperature of 45° F. The first two cleavages

(stages 1 and 2) proceeded very slowly and all eggs
were dead before the third cleavage was completed

(tables 4 and 5; fig. 27).

Table 4.—Living and dead lamprey embryos per sample
and their stage of development at 45° F. {7.2° C.)

Sample
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Table 6.—Hours at which the first and last specimens of the various stages appeared in samples during each experiment
and the duration of stages {in parentheses)

stages
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Table 9.—Living and dead embryos per sample and their stage of development at 62.5° F. {n^" C)

135

Sample
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Table 11.—Living and dead embryos per sample and their stage of development at 65° F. {12.8° C.)

Sample
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Table 13.—Living and dead embryos per sample and their stage of development at 60° F. (16.6° C.)

137

Sample
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Table 15.—Living and dead embryos per sample and their stage of development at 66° F. {18.4° C.)

Sample
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Table 20.—Morlalities of sea lamprey eggs reared at a
constant temperature of 75° F. (23.9° C.)

Time
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that had reached stage 6 (32 cells) but had begun
to vacuolate. All subsequent samples had oid}'

dead embryos.

Table 23.—Living and dead embryos per sample and their

stage of development at 80° F. (26.6° C.)
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Shipley's account of the persistence of the

blastopore and his statement that invagination

took place at 130 hours suggest that embryos of

the lamprey developed at a temperature of about

55° F. It appears then that neither he nor

McClure conducted their experiments within the

range at which normal development could bo

expected. If the relation of temperature to

development in Lampetra is similar to that in

Petromyzon, Damas' experiments at 18° C. (64.4°

F.) should have been at nearly the optimum
temperature, but those conducted 12° C. (53.6° F.)

were well below the optimum. Thus, certain of

the abnormalities (most of them duplicated in the

present study, particidarly at the higher and lower

temperatures) that he interpreted as the effect of

light intensity may actually have been caused by

temperature.

Although the findings of the present experiments
offer the strongest evidence that unsuitable tem-

peratures may account for the failure of certain

apparently suitable streams to produce larval sea

lampreys, a too close application of the results to

problems in nature is not advisable. The sea

lamprey eggs were reared at constant temperatures
in this study, whereas the temperatures in natural

streams are subject to diurnal fluctuations, to sub-

stantial short-term increases and decreases along
with changes of weather, and finally to a longer

term, seasonal, upward trend as development pro-
ceeds. These fluctuations may have a profound
effect on the tolerance of the developing egg.

Temperature surely is an important, sometimes a

critical, factor in the production of viable larvae

in nature, but a good understanding of its opera-
tion would require controlled investigations in

which eggs develop under fluctuating temperatures
which are made to vary much as they do in natural

streams.
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ABSTRACT
As part of a general investigation of the potential value of fish blood

characteristics to the solution of population and migration problems, a study

of modifications induced by environmental and physiological variables has been

made. Six blood properties of prespawning and postspawning anadromous
alewives (Alosa pscudoharengus) were compared. Changes that could be

attributed to fresh-water migration and reproduction were found in only two

of these properties ; viz., significant reductions in average serum proteins and

chlorides of postspawners. No important differences in average sedimentation

rate, erythrocyte fragility, hemoglobin content, or serum electrophoretic pattern
were found when fish entering fresh water in May were compared with seaward

migrants 1 to 2 months later. Serum electrophoretic patterns were generally

similar to those of other elupeoids, with fractious having mobilities comparable
with human albumin and human alpha- and beta-globulins, but with little

representation in the area of gamma-globulins. Great individual variations in

hemoglobin content, total serum proteins, serum chloride, and sedimentation

rate were found in alewives both before and after spawning.
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Dramatic changes in certain of the blood

characteristics of humans and other higher vei--

tebrates often occur under sucli pliysiological

stresses as pregnancy or acute disease. It might
be anticipated that lower vertebrates, with less

precise control of their internal environment,

would exhibit equally profound blood changes as

the external medium or physiological conditions

vary. As an adjunct to serological studies of

fishes being carried on at the Bureau of Com-

mercial Fisheries Biological Laboratory, Booth-

bay Harbor, Maine, it was considered important
to assess the extent of environmental and physio-

logical influences on blood proiDerties, particularly

those which might be related to serological

reactions.

Erythrocyte antigens, which promise to be of

great value in fish population and migration

studies, have been examined most extensively in

higher vertebrate gi-oups (summarized by Dujar-
ric de la Riviere and Eyquem, 1953; Mourant,

1054), where they have been found to be genet-

ically determined and unmodified by environ-

mental variations. Some evidence for genetic

determination of fish erythrocyte antigens has

lieen otfered by Hildemann (19.50). Seinim com-

ponents, which may also provide information of

value to population studies, are in some cases

subject to modification by other than genetic

factors. For example, antibody production in

fishes has Ijeen sliown to vary with external tem-

perature (Bisset, 1948) and protein fractions of

fisli serum to vary in amount in disease (Sinder-

mann and Maii-s, 1958). Because of possible in-

Huence of nongenetic factors on serological

properties, a stud\' of environmental and physio-

logical effects on blood characteristics seemed

advisable.

Note.— Approved for publication, Maj- 12. 1960. Fishery Bul-

letin 183.

As part of such a study, this paper is concerned

with the manner in which tlie combined stresses

of migration from the sea to fresh water and of

spawning are reflected in several blood character-

istics of the alewife (Alosa pseudoharengus) .

The nature and extent of serum changes in pre-

spawning and postspawning fish have received

particular attention in this investigation, although

observations on cellular blood components have

been included.

MATERIALS AND METHODS

COLLECTION OF BLOOD SAMPLES

Prespawning and postspawning alewives were

sampled in 1958 and 1959 from two separate ]\Laine

spawning runs—Damariscotta Mills and "West

Boothbay Harbor. Fish were first sampled in

May, as they were about to enter fresh water, and

again in late June and July, as they were about

to re-enter the sea. In addition to the field

.samples, pi-espawning alewives taken from both

runs were held without food in live cars and sea-

water tanks for 2 months before blood samples

were taken, to determine the eifect of starvation

on electrophoretic characteristics of the serum.

The fish were bled by cardiac puncture, using

a glass-needle technique developed in this labora-

toiy (Perkins, 1957). Blood was collected in

screw-top vials as individual samples. Half the

samples were collected in vials containing 0.2

milliliter of 6-percent sodium citrate solution, and

half were collected in vials without citrate. De-

teraiinations of hemoglobin content, sedimenta-

tion rate, and erythrocyte fragility were made

immediately with the citrated samples. Sera

from uncitnited blood samples were decanted after

expressing from the clots overnight at 4° C. In-

dividual serum samples were kept frozen at —20°

C. until determinations of chloride content, total

145
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serum protein content, and elect rophoretic pat-

tern wei-e made. Tlie sex and stage of gonad

development of each fish were recorded when the

blood sample was taken.

DETERMINATIONS OF BLOOD PROPERTIES

Hemoglobin Content

Detennination of the hemoglobin content of in-

dividual citrated blood samples was made with the

cyanmethemoglobin method, using reagent and

standard supplied by Hycel Homione Chemistry

Laboratory, Houston, Tex. With a Salili pipette,

.02 ml. blood was added to 5 ml. cyanmethemoglo-
bin reagent and thoroughly mixed. Contents were

transferred after 15 minutes to a cuvette and read

colorimetrically with a Photovolt Lumetron

colorimeter at a wavelength of 530 millimicrons.

The colorimeter reading was transferred to a

standard hemoglobin curve and hemoglobin con-

centration obtained in grams per 100 ml.

Sedimentation Rate

The rate of settling of erythrocj^es was de-

termined with a standard Westergren blood sedi-

mentation apparatus. Individual samples of

citrated blood was drawn into Westergren pipettes
to the 100-millimeter mark and placed vertically

in a Westergren rack. The number of millimeters

that the erythrocytes had dropped at the end of 1,

2, and 3 houre—the actual sedimentation—was re-

corded and multiplied by 2 to make results com-

parable with standard tests that use the entire 200-

mm. pipette length. Results are expressed in

terms of the standard 200-mm. length.

Erythrocyte Fragility

Sodium chloride solutions ranging from 0.3 to

1.5 percent in 0.1-percent increasing steps were
used to test erythrocyte fragility. For each

sample, .05 ml. of a 50-percent cell suspension was
added to 1 ml. of each saline dilution and readings
of "no hemolysis," "partial hemolysis;," or "com-

plete hemolysis" were recorded for each tube at

the end of 1 hour's incubation at 4° C.

Total Serum Proteins

The biuret method of Kingsley (1942) was
used to determine total serum proteins. This in-

volves precipitation with acetone-alcohol followed

by addition of biuret reagent. Readings wei-e

made with a Photovolt Lumetron colorimeter at a

wave length of 530 millimicrons and were plotted

against a standard curve prepared with dilutions

of clinical chemistry control senmi, supplied by
Hyland Laboratories, Los Angeles, Calif., to ob-

tain total protein values.

Serum Chlorides

Determinations of serum chlorides were made

by the standard method outlined in the manual for

Photovolt Lumetron colorimeter. This involves

treatment of serum with tungstic acid, silver

iodate, phosphoric acid, and potassium iodide.

Readings were made with the Lumetron colorim-

eter at a wave length of 420 millimicrons and

plotted against a standard curve prepared from
known chloride concentrations to obtain serum

chloride values.

Serum Electrophoresis

Electrophoretic examination of serum was made
with a Spinco paper electrophoresis system.

Samples were run for 6 hours at 15 milliam-

peres, with veronal buffer of pH 8.6 and ionic

strength of .05. Pooled human serum was used

as a standard with each series. Filter-paper strips
were dyed with bromphenol blue and analysed
with a Spinco Analytrol densitometer.

COMPARISON OF BLOOD PROPERTIES

Tests of serum and cellular components of the

blood of prespawning and postspawning alewives

pro\aded the data presented in table 1. Results

from the two Maine spawning nms haA'e been com-

bined, since no consistent differences between them

were noted.

HEMOGLOBIN

Variations in hemoglobin content of fish blood

have been examined in a number of marine and

fresh-water species by several investigators.

Black (1955) found that the hemoglobin level of

largemouth bass increased after forced exercise,

but that of five other fish species did not. Pavlov

and Krolik (1936) found that hemoglobin in-

creased with the ripening of the sex products,

while Naumov (1956) noted that it increased to

the time of spawning and then dropped to a very

low level. Gelineo (1957) found that hemoglobin
values for several species of marine fish were some-
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Table 1.—Comparison of six blood properties of prespawning and poslspawning alewives

[Range In parentheses]

Blood property Method of determination

Prespawning

Number of
fish tested

Average

Postspawnlng

Number of
fish tested

Average

Hemoglobin

Sedimentation rate...

Erythrocyte fragility -

Total serum proteins.

Serum chloride

Serum electrophoresis

' See flg. 4.

Cyanmethemoglobin, Lumetron colorimeter

Westergren apparatus --

Saline dilutions: 0.3 to 1.5 percent

Biuret method of Kingsley (1942), Lumetron colori

meter.
Lumetron colorimeter

Spinco model-R paper electrophoresis system

79

70

60

40

30

121

9.5 g./lOO ml.
(4.5-12.5)

4.9 mm.
(2.0-9.6)

0.6 percent
(0.5-0.7)

5.9 g./lOO ml.

(3.9-8.6)
430 mg./lOO ml.

(355-458)
(I)

9.4 g./lOO ml.
(4.0-13.0)

4.7 mm.
(1.0-12.0)

0.6 percent.

(0.5-0.7)
6.3 g./lOO ml.

(2.7-6.9)
395 mg./lOO ml.

(302-440)
(0

what higher during the pericxl of sexual activity

than at other times. Findings in the present study
indicated that average hemoglobin content of ale-

wives«entering fresh water to spawn is not diflFer-

ent from that of the spent fish returning to the

sea after spawning. Prespawners had an average

hemoglobin value of 9.5 g. per 100 ml. (range,

4.5-12.5), while postspawners had an average of

9.4 g. per 100 ml. (range 4.0-13.0).

SEDIMENTATION RATES

The settling rate of erythrocytes has wide clini-

cal use as an indicator of certain physiological

changes. It is higher in human females than

males and is greater during pregnancy and in dis-

ease. In fishes, Schumacher, Hamilton, and

Longtin (1956) found that furunculosis caused a

marked increase in the sedimentation rates of

brook trout, while Kalashnikov (1939) found that

the sedimentation rate increased as the gonads
matured.

The present study indicated great individual

differences in sedimentation rates of both pre-

spawning and postspawning alewives (range, 1.0

to 12.0 mm. at 3 hours for 121 fish) . However, no

important changes have been disclosed by com-

parison of average sedimentation rates of fish

entering fresh water to spawn with those of spent
members of the same populations leaving fresh

water 2 months later. Average sedimentation

rates for prespawners were 1.2 mm. at 1 hour, 3.3

mm. at 2 hours and 4.9 mm. at 3 hours; for post-

spawners, 1.1 mm. at 1 hour, 3.2 mm. at 2 hours,
and 4.7 mm. at 3 hours (fig. 1). Ripe females ex-

hibited higher average sedimentation rates than
did ripe males (5.4 mm. compared with 4.3 mm. in

3-hour readings), but this difference disappeared
in postspawners.

ERYTHROCYTE FRAGILITY

Another indication of physiological distress is

the lowered ability of red blood cells to withstand

decreasing osmotic pressure of the siuTounding
medium. Fragility of human erythrocytes in-

creases in certain diseases. Examination of ale-

wife blood disclosed no changes in cell fragility
due to the spawning migration. One-hour tests

showed that complete lysis occurred consistently
at between 0.5- and 0.7-percent saline in both pre-

spawning and postspawning fish.

TOTAL SERUM PROTEINS

The serum proteins of animals have a variety of

chemical and physical functions, including their

important role in osmotic regulation. Among the

invertebrates, wide individual variations (2.2 g. to

10.2 g. per 100 ml.) in total serum proteins
of the lobster (Hotnarus americanus) and even

greater variations (1.16 g. to 13.75 g. per 100 ml.)
in the crab (Cancer magis te?') were noted by Leone

(1953). In fishes, average total proteins of 5.6

g. per 100 ml. for adult salmon (SaJmo salar),

and 4.9 g. per 100 ml. for Conger vvlgaris were

reix)rted by Drilhon, Fine, and Daoulas (1958).

Keys (1933) found that the total serum proteins
of eels dropped from 8.4 g. per 100 ml. in sea

water to 6.8 g. per 100 ml. in fresh water.

The present study of prespawning and post-

spawning alewives has disclosed marked indi-

vidual variations in total serum proteins
—from

3.9 to 8.6 g. per 100 ml. in prespawners, and from

2.7 to 6.9 g. per 100 ml. in postspawners (fig. 2)
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Figure 1.—Three-hour sedimentation rates for prespawn-

ing and postspawning alewives.

The average for prespawners was 5.9 g. per 100

ml. while that for postspawners was 5.3 g. per

100 ml.—a reduction in fresh water significant at

the 5-percent level with the student 7'-test used for

small samples, as well as with the rank sum test.

SERUM CHLORIDES

Concentrations of various ions in animal body

fluids, particularly in invertebrates, may vai^

with environmental and physiological conditions

(Prosser, 1950). The closed circulatoiy system

of vertebrates probably effects greater ionic sta-

bility tlian is true for invertebrates. Numerous

studies of teleost ionic regulation in varying exter-

nal salinities have been made (reviewed by Fon-

taine and Koch, 1950, and Black, 1957). Keys

(1933) foimd that seiiim clilorides of eels {An-

gtulki angu/Ua) were lower in fresh water than

in the sea (480 milligrams per 100 ml. as op-

posed to 580 mg. per 100 ml.). Bond, Gary, and

Hutchinson (1932) and McFarland and Munz

(1958) found that in hagfish {PoU^totrejna stouti)

the concentration of blood chloride varied in a

linear manner with that of the surrounding me-

dimn. Harris (1959) noted a drop in blood chlo-

ride from 804 mg. to 683 mg. per 100 ml. when

Fundulus heteroclitus were transferred from salt

water to fresh.
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Figure 2.—Variation in total serum proteins in alewives

before and after spawning.
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The present study of serum cUorides in alewives

lias provided an average value of 430 mg. per 100

ml. for fish from the sea, taken just before the

fresh-water migration. A deci-ease to an average

of 395 mg. per 100 ml. was found for fish taken

in fresh water just before their seaward migration

(fig. 3) . Within the limitations of a small sample

size (30 prespawners, 28 postspawners), the rank

sum test showed this decrease to be significant.

As with serum proteins, individual variations in

senmi chlorides were marked (355 rag. to 458 mg.

per 100 ml. in prespawners; 302 mg. to 440 mg.

per 100 ml. in postspawners) .

Comparison of these data with those of Keys

(1933), which were drawn from nonspawning

samples, suggests that the obsen^ed chloride re-

ductions in alewife sera were probably associated

with lower enviroimaental salinity rather than

with spawning activities. The average senmi

chloride of alewives in fresh water is quite similar

to that of carp (401 mg. per 100 ml.) reported by

PRESPAWNERS
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some cases occurring in two separate peaks. Little

representation was found in the zone of human

gamma-globulin. Fraction I simnped drastically

in seiiim from alewives held experimentally in sea

water under starvation conditions for 2 months;

and is in general agreement with Keys' (1933)

finding of lower total serum protein values for

starved eels.

SUMMARY AND CONCLUSIONS

Comparison of six blood properties of pre-

spawning and postspawning alewives {Alosa

pseudoharengus) from two runs disclosed modi-

fications in only two characteristics that could be

attributed to fresh-water migration or spawning.
Total sennn proteins of postspawners averaged

5.3 g. per 100 ml., while prespawners averaged

5.9 g. Similarly, serum chlorides were reduced

in postspawners to 395 mg. per 100 ml. from a

previous average of 430 mg. Hemoglobin values,

eiythrocyte fragility, sedimentation rates, and

electrophoretic patterns were unchanged. Hemo-

globin values for alewives averaged 9.5 g. per

100 ml., with a range of 4.0 to 13.0. Complete lysis

of alewife ei^tlirocytes occurred, with little varia-

tion, between 0.5- and O.T-percent saline in 1-hour

tests. Sedimentation rates averaged 1.2 mm. for

1 hour, 3.3 mm. for 2 hours, and 4.8 mm. for

3 hours. In electrophoretic studies of serum

proteins, fractions with mobilities similar to

human albumin and human alpha- and beta-

globulins, were found. Of these, only the beta

fraction was variable, and no consistent changes

resulting from fresh-water migration or spawning
were obse^iTed.

The data indicated little change in most of the

blood properties studied, when prespawning and

postspawning alewives were compared—suggest-

ing relative stability of the characters during this

time of physiological stress. It should be noted,

however, that a period of at least. 1 month sep-

arated the tests of the two groups, and that no

examinations were made of fish actually spawning.

Recovery from any short-tei-m effects of reproduc-
tion could have be«n accomplished before alewives

were sampled again as seaward migrants.
Marked individual variations in such properties

as sedimentation rate, hemoglobin values, sennn

chloride concentration, and total serum protein

concentration are consistent with findings for

other lower vertebrate species (Hunn, 1959, pre-

sents a list of pertinent references.) No clear

association of individual variations with gonad

condition, sex, or envii"onmental salinity has been

made, although the average sedimentation rat« for

ripe females was somewhat higher than that for

ripe males. Average total serum proteins and

clilorides were significantly higher in prespawners

caught in salt water than in postspawners taken

in fresh water—probably a reflection of environ-

mental salinity.

Further studies are planned to assess the in-

fluences of environmental and physiological fac-

toi-s on the blootl characteristics of fishes. In

many ways, the alewife is the animal of choice for

this work. Serological studies may be made with

the same blood samples that are tested for other

blood properties. Furthermore, offspring of

small, isolated alewife populations may be exam-

ined before their seaward migration and compared
with spawning adults. Also, spawning iims

widely separated geogi-aphically
—from the Mid-

dle Atlantic States to the Gulf of Saiht Law-

rence—may be compared. Finally, since land-

locked populations of this species occur in North

America, they may be compared with anadromous

stocks.
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ABSTRACT

A large-scale experiment was conducted in a lagoon, off the Galveston

Ship Channel in the Gulf of Mexico, to determine the feasibility of using

copper ore as a control for destructive plankton blooms. A chemical

and biological study was made of the lagoon for a period of 9 months

previous to the addition of 60 tons of copper ore. Comparison with a

similar studj- made after the addition of the ore revealed that the ore did

not have the desired qualities of control; therefore its use for control was

not recommended.



EFFECTS OF COPPER ORE ON THE ECOLOGY OF A LAGOON

By Kenneth T. Marvin and Larence M. Lansford, Chemists, and Ray S. Wheeler, Fishery Research Biologist,

Bureau of Commercial Fisheries

Sudden, immense increase in the plankton popu-
lation has resulted in extensive destruction of

commercially important fish and shellfish. Some-

times this fish-killing plague is known as "red

tide" because of the amber to dull-red discolora-

tion of the water.

The organism present in frequent occurrences

of red tide in OfTats Bayou, Galveston (Tex.) was

identified by Gunter (1942), and by Gates and

Wilson (1960), as Gonyaulai monilata. Oymno-
dinium breve was identified by Davis (1948) as the

cause of destructive red tide blooms that have

occiured off the west coast of Florida at irregular

intervals since, at least, 1844 (Feinstein and others,

1955).

Following the outbreak of destructive G. breve

blooms in 1946 and 1947, the U.S. Bureau of Com-
mercial Fisheries began a study of the organism

and the environmental factors limiting or promot-

ing its growth, to develop, if possible, a means

of controlling or, at least, reducing the occurrence

of these lethal outbreaks.

The toxic property of copper has been employed
elsewhere with varying degrees of success in re-

lated occurrences of plankton blooms. Experi-

ments in the U.vS. Fish and Wildlife Service Labo-

ratory have demonstrated that the minimum
amount of dissolved copper lethal to G. breve is

about 0.5 microgram atoms per liter (0.03 p.p.m.).

An experiment was designed therefore to test the

feasibility of using immersed copper ore as a source

of copper in lethal concentrations through its re-

lease into solutions over a rather long period of

time.

We wisli to express our appreciation to Mi's.

Zoula Zein-Eldin, William Wilson, and Di-s. David

Aldrich and Abraiiam Fleminger, who conilucted

many of the analyses, and to the Morenco Mining
Branch of the Phelps Dodge Copper Corijonitioii

for furnishing the copper ore for the experiment.

COPPER ORE EXPERIMENT

The experiment was designed to determine

whether or not immersed ore would affect the

flora and fauna. This would be decided by com-

paring chemical and biological studies made before

and after tlie addition of ore.

Questions to be resolved were the foUowhig:

(1) Could copper concentration in a body of

water be raised to a level lethal to G. breve by the

permanent exposure of a reasonable amount of

copper ore? (2) Would the copper concentration

of the water remain at a constant level? (3)

Would the copper liave an adverse effect on other

marine organisms?
To obtain an estimate of the amount of copper

ore needed, laboratory studies were made on the

solubility of the copper in various amounts of ore

in tanks of sea water. On the basis of the results

of these tests, 20 tons of ore seemed a reasonable

amount with which to start. Subsequent dosages,

if necessary, would be based on the results of the

first addition. We used a sulphide ore that con-

tained approximately 1 percent copper and 3.5

percent iron. Tiie particle size varied from dust

to coarse gravel.

The questions were answered (1) by observing

the effects of the ore on two indicator organisms."

(2) by determining tlie level of the copper con-

centration maintained, and (3) by comparing

ecological conditions of tlie lagoon before and after

the addition of tlie ore. Comparisons were based

on gross differences in productivity of tiie water,

on significant changes in mortality rates of organ-

isms, and on variation in barnacle setting rate.

Chlorophyll and zooplankton analyses were used

as indicators of productivity. Mortality rate

1 Laboratory pxixrimi'iit.s ilemonstrated that tlie toloranw of these organ-

isms to copper was approximately the same as that of (Jymiiorfiiiiiim hrtre.

One of thes*'. Prorocrntrum sp.. was placed ii\ the laROon in dialysis bacs.

another. Gymnodintum spkndrm. occurred naturally in the lagoon.

Note.—Approved for publioUlon SepU'raber 12. 1960. Fishery Bulletin 1 M
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studies were made of Oymnodinium splendens that

occurred in the water, and of organisms from the

live car: 03'sters, Crassostrea virginica; mullet,

Mugil cephalus; and two snails, Littorina irrorata

and Thais species.

Our field activities were conducted in a man-

made lagoon located on the eastern end of Galves-

ton Island (fig. 1). The lagoon, 1.1 statute miles

long, has an estimated volume of about 230 acre-

feet and is connected to the Galveston Ship
Channel by seven 36-inch cement culverts.

Chemical and biological samples were taken at

eight stations. Samples were collected three to

four times a week until the first ore addition of 20

tons was made and then twice a week. Several

months after the final addition of 40 tons, the rate

was reduced to once a week and the number of

stations sampled to three (stations 1, 4, and 7).

During collection trips samples were taken for

salinity, copper, chlorophyll, G. splendens, and

zooplankton analyses. The water for these was

taken with a stainless steel neoprene impeller

pump. During collections tlie intake end of the

polyethylene connection hose was continuously
raised and lowered from a few inches of the bottom

to the surface. Thus, the samples were represent-

ative of the entire column. A 4-inch Secchi disc

reading was also taken at each station. Once or

twice a week, depending on weather conditions, a

count was made of the organisms in the live cars

anchored at each station. At weekly intervals,

barnacle-setting plates were suspended 2 feet below

the surface at each station. These plates were

replaced every week.

Before each addition of ore, dialysis bags con-

taining cultures of known concentrations of Proro-

centrum. sp. were suspended in perforated polyeth-

ylene bottles 2 feet below the surface at stations 2,

4, 5, 6, and 7. These bottles were replaced so that

some of them remained in the water for 2 days and
others for 4 days. The first of these experiments
was discontinued 2 weeks after the first ore addi-

tion and the second, 1 week after the second addi-

tion.

ANALYTICAL METHODS

Chlorophyll

The chlorophyll analyses consisted of estimations

of chlorophyll a, b, and c in acetone extracts of

plant and animal material. The method em-

ployed was that of Riciiards with Thompson
(1952) as modified by Creitz and Richards (1955).

GULF OF MEXICO

Figure 1.—East Lagoon station locations selected for the copper ore experiment.
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Salinity

Salinity values were estimated from density-

temperature measurements taken with a hydrom-
eter calibrated to the nearest 0.2 of a salinity
unit (7oo) and a centigrade thermometer calibrated

to tlie nearest unit.

Gymnodiniutn splendens

Two-liter water samples for G. .splendens

analyses were placed under fluorescent' lights for

about 16 hours. This concentrated the organisms
in the upper part of the container. A preliminary
examination was made of a portion of the sample
taken from the meniscus. If G. splendens were
not observed, a zero count was assumed for the

sample. If in evidence, the top 200 ml., which
contained virtually all of the G. splendens, were

carefully siphoned into a flask and thoroughly
mixed. Ten 1 -milliliter samples were removed
and counted for G. splendens. The average of

these was converted to count per liter by multi-

plying by 100. An alternative method used for

high-count samples was similar except that the 10

portions were taken from the entire mixed sample.
The conversion to count-per-Iiter was obtained

by multiplying tlie average by 1,000.

Copper

To determine the copper concentration, we used
the method described by Hoste, Eeckhout, and
Gillis (1953). This was preferred to that of Chow
and Thompson (1952) because the latter method
is not so selective for waters of variable pH, such
as is found in the lagoon. Further, when coastal

and bay waters are aiuilyzed by tliis method, a

turbid extract forms occasionally that is difficult

to analyze.

Zooplankton

The zooplankton samples were obtained by
I)umpiiig 250 gallons of water through a plankton
net of \o. 2 bolting silk. These were diluted to

100 ml., and an aliquot part checked for tlic various

types of zooplankton. The count of each was
recorded as count per 100 liters by multiplying
by the appropriate factors. The size of the

I
aliquot part varied, depending on the population
density of the sample.

Barnacle setting rate

The barnacle attachment rate was based on the

average daily setting-rate on 4-inch square cement

plates suspended horizontally 2 feet below the

surface at each station. The rate was estimated

by averaging the count per square centimeter of

eight locations on each plate, and then dividing

by the number of days that the plate was sub-

merged in the lagoon.

Prorocentrum sp.

We used Wilson's (1959) dialysis membrane
bag method for evaluating the effects of the copper
ore on Prorocentrum sp. cultures suspended in the

lagoon. Initial and final population estinuites

were made by counting the organisms in several

0.01 ml. portions taken immediately before the

culture was placed in the dialysis bags and after

their removal from the lagoon.

RESULTS
Chlorophyll

The results of the chloropliyll a, b, and c

analyses are shown in figure 2. We have placed
the November 1958 to April 1959 section of the

graph under the corresponding months of 1957

and 1958 to simplify seasonal comparison. The

phytoplankton blooms noted during November
1957 and January to March 1959 were reduced

during the corresponding months of 1958 and 1959.

Wliether or not this was an effect of the ore is not

known. The significant fact shown is the con-

tinued productivity of the lagoon after the addition

of ore. This is indicated by the continuation of

chlorophyll concentrations that are representative
of a highly productive area (Zein-Eldin, 1959).

Salinity

Figure 3 shows monthly salinity ranges and

averages of the lagoon. All data are based on the

average of station salinity values.

Gymnodinium splendens

The average population of G. splendens in the

lagoon from November 1957 to June 1959 is

shown ill figure 4. The November 1958 to June
1959 portion of the graph has been placed under
the corresponding months of 1957 and 1958 to

simplify a comparison of similar seasons. It can
be seen that the seasonal occurrence has not been

altered by the immersed ore. The January 1959

to April 1959 zero count cannot be considered

significant as far as the copper ore experiment is

concerned because of the subse(iuent rise that

followed the pattern of the previous year.
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Figure 5.—Copper concentrations (average of all station?)

showing approximate minimum lethal level from labora-

tory experiments.

placed ill the lagoon. Again the results were

disappointing. A near lethal concentration was

attained but decreased during the next 5 months to

about 0.01 Mg-at./l- In some respects, the effects

of the ore were similar to those of copper sulphate

employed in the Florida red-tide control experi-

ments (Rounsefell and Evans, 1958). The rapidly

attained maximum levels soon decreased to nomial

values for the area. In the Florida control tests,

however, lethal levels were reached, and the

decline that followed occurred in a matter of days

rather than months. Undoubtedly, variation in

the hydrography and chemistry of the two areas

accounted for much of the difference in maximum
levels attained and also in the rates of decline.

The water of the lagoon is high in particulate

matter (fig. 6), and the copper from tlie ore was

assumed to have been adsorbed and made unavail-

able by the muds, plankton organisms, and other

TURBIDITY
(4 -INCH SECCHI DISC)

Figure 6.—Turbidity of Ea-st Lagoon. Average Secehi

disk readings from stations.

material making up I lie particulate matter

(Harvey, 1955).

Zooplankton

A qualitative and ([uantitative study of tiio

standing crop of zooplankKm in tiie lagoon was

made by Fleminger (1959). The outstanding

observation of his work was the broad summer-

abundance peak and secondary peak combined

with troughs in tlie early spring and autumn

(fig. 7). Of particular significance is tlie January

to March 1959 secoiulary peak which indicates

continued growth of zooplankton populations

following the addition of copper ore.

Barnacle setting rate

This study, conducted by Aldrich (1958a),

showed that the adult barnacle population of the

lagoon consisted almost exclusively of tlie brackish-

water species, Balanux ehurneus. Another

brackish-water species found occasionally was

Balanm improvisus. The data in figure 8 indicate

the seasonal nature of barnacle setting in the

lagoon. The outstanding feature is the con-

tinuance of tiie seasonal growth pattern after

addition of the ore.

Prorocentnnn sp.

Table 1 shows the initial and final counts of

Frorocentnun sp., and copper concentration of the

cultures in the dialysis bags used in the lagoon.

More than half of these cultures increased in

population count. The data indicate that the

greatest increase occurred in cultures liaving the

lowest initial count. Presumably, tliese had not

reached their peak when placed in the lagoon.

The copper concentration apparently did not

interfere with the population growth of the

organism. Tliere was one exception: approxi-

mately 60 percent mortality occurred within llie

4-day bags placed at station 4 on October 10.

This was the day of tlie second ore addition

(table 1), and the day that tlie greatest concen-

tration of copper was observed witliin tiie hags.

Live car organisms

Laboratory experiments (Aldricii, 1958b) con-

ducted in conjunction witli the copper ore study

indicated tliat tiie snail l.ittorina irroiata was

probably most susceptible to copper poisoning.

Twenty-four-hour tests demonstrated, however.
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Figure 7.—Zooplankton concentration. Average of plankton samples taken at stations 1, 3, and 7.

Table 1.—Summary of dialysis bag data showing initial

and final counts of organisms and final copper content

of bags placed in East Lagoon, after addition of ore

Date
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in the lagoon apparently did not have a significant

effect on the mortality rates of the other species

in the live car.

DISCUSSION

Experiments conducted in our laboratories indi-

cate that more copper ore is required to reach

the toxic level for Gijmnodinium breve in lagoon

water than in Florida coastal water. This is

thought to be due to the large amounts of nat-

ural chelators and particulate matter present in

the lagoon as opposed to the relatively clear Flor-

ida waters. On the other hand, the Florida coastal

waters receive more tidal flushhig and dilution

than the lagoon, and we would expect the maxi-

mum level of copper concentration to be less per-

manent than that shown for the lagoon in figure

5. Even assuming a toxic level could be reached

in the Florida coastal waters, large quantities of

ore would have to be added at frequent intervals

which would make the cost prohibitive.

SUMMARY

An analysis of the biological and ciiemical data

shows that the copper concentration of the lagoon

was not increased to a level lethal to Gymnodinium
breve after the addition of 60 tons of ore. The

flora and fauna of the lagoon and organisms placed

there in dialysis bags and live cars showed no

significant effect attributable to the ore. The

copper level, after the addition of the ore, in-

creased to a maximum that was below the labo-

ratory estimate of the level toxic to G. breve (based

on Florida sea water) and then dropped to a

lower level. These results show that the ore is

not capable of maintaining a sufficiently high

copper concentration to be considered as a means

of controlling red tide outbreaks in waters simi-

lar in quality to that of the lagoon.

Results of this experiment indicate that copper
ore does not have the desired characteristics of a

red tide controlling agent, and we recouuuend

that it not be used.
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ABSTRACT

In the fall of 1952, one hiuidred thousand juvenile American shad,

marked by removal of the right pelvic fin, were released in the Con-

necticut River. Seventeen marked fish were recovered in the river in

1956, 70 in 1957, and 39 in 1958. Ages of the fish, determined from

their scales, wei'e 4, 5, and 6 yeare, respectively. These findings were

in agreement with known age established from marking and there-

fore validate annuli and spawning marks as criteria for age determi-

nation of shad.



VALIDITY OF AGE DETERMINATION FROM SCALES OF
MARKED AMERICAN SHAD

By Mayo H. Judy, Fishery Research Biolosist,

Bureau of Commercial Fisheries

In 1950, tlie U.S. Fish and Wildlife Service, as

the primary research agency of the Atlantic States

Marine Fisheries Commission, began a study of

the American shad (Alosa sapidissinut) on the At-

lantic coast of the United States. Objectives of

this investigation were to determine the causes for

decline in the commercial yield from approx-

imately 50 million pounds in 1896 to 8 million

pounds in 1950, to detennine conditions favoring

recovery, and to provide information for scientific

management of the fishery. A necessity for ac-

complisliing these objectives was an accurate

method of aging shad.

Prior to this investigation, techniques for aging
shad had been presented by various workers.

Leim (1924) determined age by means of winter

rings or annuli on scales and established the rela-

tion between scale and body length. Borodin

(1925) presented a method of reading scales by

counting the number of transverse grooves and

dividing by 2 to determine the age in years. Bar-

ney (1925) found evidence in otolith markings to

indicate that age estimates as reported by Borodin

were correct, but Greeley (1937) stated that Boro-

din's method gave misleading results. Greeley
found that Leim's method of age determination

agreed with the results of his studies on Hudson
River shad.

Gating (1953) proposed a method for reading
shad scales for total age, age at first spawning,
and number of times the fish had previously

spawned. Transveree groove counts were used to

.separate true from fasle annuli to the fourth an-

nulus, and age of fish spawing for the first time

was determined by counting the number of an-

nuli and adding 1 year for the scale edge. Age
of fish spawning for the second or more times was

Ndte— Approved for publication December 5, 19B0. Fishery
Bulletin 18.0.
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obtained by counting the number of annuli plus
the number of spawning marks and adding 1 year
for ihe scale edge.

Although Gating aged shad with apparent confi-

dence he did not establish the validity of his read-

ings. LaPointe (1958), using Gating's method,
validated the annulus to be a true year mark on

scales of fish spawning for the first time. He
found that Leim mistook the fresh-water mark for

the first annulus, thus causing a difference of 1 year
between Leim's age determination and those in his

study. Hammer (1942) confirmed that the fresh-

water zone was a distinct and measurable scale

growth formed while juveniles are in fresh water.

In 1952, prior to the completion of Gating's
scale study, a marking program was conducted on

juvenile shad in the Gonnecticut River. The ob-

jective of this program was to recover in future

years marked fish of known age, thereby to check

the method employed by Gating and to establish

a correct method for aging shad from their scales.

This was deemed necessary because techniques
used prior to this time were subject to question.

Data presented in this paper were derived from
the scales of marked adult shad recovered 4, 5, and
6 years following the marking program. Scales

from these fish of kno^^^l age were studied to de-

termine the validity of annuli and spawning
marks for age determination.

Appreciation is expressed to the Gonnecticut

Power and Light Gonipany for use of the Windsor
Tiocks Canal System, and to the sliad fishermen

and fish dealers of the Connecticut River for their

cooperation in this study.

LIFE HISTORY

Shad range on the Atlantic coast from the St.

Johns River in Florida to tlie St. Lawrence River

in Canada. It is an anadiomous fish and spawn-

ing migrations begin as early as November in

161
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Florida and as late as June in Canada. The young
remain in the rivers until fall, attaining lengths

from 3 to 5 inches, then migrate to sea. Winters

are probably spent off the Middle Atlantic, and

summer and fall in the Gulf of Maine. After

reaching maturity, in 3 to 6 yeai*s, they return to

the rivers to spawn. Adult shad native to streams

north of Cape Hatteras (N.C.) that survive

spawning and other hazards return to the sea and

re-enter the rivers to spawn again in successive

years. Shad native to streams south of Cape
Hatteras die after spawning (Talbot and Sykes,

1958).

MATERIALS AND METHODS
In the fall of 1952, 100,000 downstream migrant

juvenile shad were marked on the Connecticut

Eiver in the Windsor Locks Canal, Windsor Locks,

Conn. Marking of these fish, which averaged
about i inches in fork length, was accomplished

by clipping the right pelvic fin close to the body
of the fish. Juveniles were trapped, seined, and

marked in one level of the canal and then placed

in a lower level of the canal and flushed into the

main river. Samples of fish were held overnight
to obtain an estimate of mortality. Mortality
from marking was estimated at 30 percent ;

there-

fore, it was assumed that 70,000 marked juveniles

were returned to the river.

The first marked fish were recaptured in the

Connecticut River in 1956 from commercial catches

and shad passed by the fishway at Hadley Falls

Dam, Holyoke, Mass. Subsequent recoveries were

made in 1957 and 1958 from commercial and sport
catches. Approximately 35,000 shad were ex-

amined annually. Fi-om the 1956 collection it was

determined that some shad had malformed, or nat-

urally missing, pelvic fins. Therefore, in 1957,

fish with various pelvic fin abnormalities were

collected so that a wide assortment of abnormal

fins would be available for comparison with

marked fins. The pelvic girdle section of each

fish collected was removed, labeled, and preserved.
In addition, scale samples were taken and the

length, weight, and sex recorded.

EXAMINATION OF SCALES
Two scales from each fish collected were im-

pressed in plastic, using a modification of the

method described by Greenbank and O'Donnell

(1950). The scale impressions were read on an

Eberbach projector, by two biologists using Cat-

ing's (1953) method for determining age of shad.

Age readings were compared and the results

confirmed.

In this method the scale edge is counted as a year
mark because the last annulus (near scale periph-

ery) is frequently eroded during the spawning mi-

gration. For example, a shad spawning for the

first time (virgin fish) at 4 years of age has 3 annuli

on the scale plus the scale edge for a total age of

4 years. After shad spawn and return to the sea,

renewed feeding and resumption of growth leaves

a characteristic scarlike mark on the scale edge
where erosion occurred during the spawning mi-

gration (Moss, 1946). This is designated as a

spawning mark and is used in place of the eroded

annulus, formed prior to spawning, for determin-

ing age of "repeater" fish (those spawning for

the second or more times) . For example, a 6-year-

old rejieater spawning for tlie second time has 4

annuli and 1 spawning mark which, when read to

include the scale edge, gives a total age of 6 years.

The 4 annuli and 1 spawning mark indicate that

this fish first spawned at 5 years of age and was on

its second spawning run when captured.

EXAMINATION OF PELVIC FINS

Examination of the pelvic fin sections indicated

that they contained malformed, missing, and

marked fins. Malformed and missing fins are

often fomid in fish as evidenced from studies by
Cable (1956), Code (1950), and Rich and Holmes

(1928). Marked fins were characterized by a

varied pattern of fin regeneration ranging from no

regeneration beyond formation of scar tissue to

almost complete, but distorted regeneration.

These findings are not unusual since, as reported

by Stuart (1958), fin clipping seldom results in a

uniform series of marks. From microscopic
examination of regenerated marked fins, Stuart

found that new gi-owth of fin rays does not extend

in a regular manner but commences as a thickened

and undifferentiated cap, the comiective and other

tissues keeping pace with the gi'owth of the adja-

cent rays. The degi'ee and nature of fin regenera-

tion was usually dependent on the angle of the cut

and the amount of dermal-fin-ray tissue removed

during clipping.

The pelvic fin section of each shad collected in



AGE DETERMINATION OF AMERICAN SHAD 163

Figure 1.—Scale from 6-year-old shad spawning for the second time. (Roman numerals

represent annuli, FWZ fresh-water zone, and SM spawning mark. )

this study was X-rayed using a method described

by Sutherhiud (1958). Marked fins were identi-

fied from radiographs by an enlargement at the

distal end of the radial bones extending partially

or completely across the area of separation from

the dermal fin rays ( fig. 2 )
. This method of classi-

fication of marked fish is in agreement with Stuart

(1958) wlio found from microscopic examination

that a palpable ridge was formed on marked fins

at the site of cutting. Marked fins were classified

according to the nmnber of fin rays regenerated,

regardless of the length of the rays, and placed in

tlie following categories: (1) no regeneration
—no

fin rays; (2) one-third regeneration
—one to three

fin rays; (3) two-thirds regeneration
—four to six

fin rays; and (4) complete regeneration
—seven to

nine fin rays (fig. 2).

Pelvic-fin sections were classified as malformed

if there was no enlargement at the distal end of the

radials (fig. 3B, C). Missing fins were chai-ac-

terized by absence of radials or, in some specimens,
absence of the entire pelvic girdle (fig. 3A, D),
and absence of scar tissue at the site of fin

origin. Malformed and missing fins were termed

abnormal.

From a study of 28 shad collected in 1956, it

was determined tlvat 11 had abnormal pelvic fins.

These included 4 males and 7 females of which 5

had malformed left or right pelvic fins and 6 had

eitlier the left, right, or both pelvic fins missing.

These fish ranged in age from 3 to 6 yeai-s.

In 1957 fish with a variety of pelvic fin abnor-

malities were purposely collected!. Of the 132

shad sajnpled, 62 were classified as abnormal.
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Figure 2.—Radiograph of pelvic fin sections from four marlced shad. A—no regeneration, B—one-third, C—two-thirds.

and D—complete regeneration.

.,J. J

a

Figure 3.—Radiograph of pelvic fin sections from four .shad with malformed and missing fins (A—right fin and
radial fin supports absent, B—right fin with malformed fin rays, C—double malformation of pelvic fins, and D—
pelvic girdle absent. )
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FiGUBE 4.—Scale from 4-year-olci marked shad spawning for the first time.

Tliese included 21 males and 41 females of which

40 had either the left, right, or both pelvic fins

malformed, and 22 had either the left, right, or

both pelvic fins missing. These fish ranged in age
from 4 to 7 years.

Of tlie 57 shad collected in 1958, 18 were classi-

fipd as abnoranal. These included 9 males and 9

females of which fi had either the left, right, or

both pelvic fins malformed and 12 had either the

left, right, or both fins missing. These fish ranged
in age from 4 to 8 years.

MARKED FISH RECOVERED 1956

P'rom a study of pelvic fin sections and radio-

graphs it was determined that 17 marked slmd

were recovered in 1956. These included 8 males

and 9 females of which 3 had no regeneration of

the right fin, 5 had one-thiixl regeneration, 4 had

two-thirds regeneration, and 5 had complete re-

geneiation. Age readings indicated that all

marked fish recovered were 4 years old, and spawn-

ing for the first time ( fig. 4) . Marked males aA'er-

aged 1C.4 inches, fork length, and 2.4 pounds in

weight. Marked females averaged 17.9 inches,

fork length, and 3.2 pounds in weight.

MARKED FISH RECOVERED 1957

From a study of pelvic fin sections and radio-

graphs it was determined that 72 marked shad

were recovered in 1957. Age determined from

scale readings indicated that all but two of these

fish were 5 years old. The ages of these two fish

were 4 and 6 years. The radiographs and scale

samples were re-examined and the above results

confirmed. Therefore, on the basis of these find-

ings, an error of approximately 3 percent exists

either in interpretation of radiographs or in age
determination.

The sevent}' 5-year-old fish that were marked

included 14 males and 56 females of which 11 had

no regeneration of the right jielvic fin, 18 had

one-third regeneration, 2G had two-thirds re-
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Figure 5.—Scale from 5-year-old marked shad spawning for the first time.

generation, and 15 had complete regeneration.
This group consisted of 56 first- and 14 second-year

spawners. Forty-three percent (6) of the males

and 14 percent (8) of the females were spawning
for the second time. Figures 5 and 6 illustrate

representative scales from 5-year-old marked fish

spawning for the first and second time. In figure

5 the fifth or last annulus is plainly visible, but

since it was laid down just prior to the spawning

migration, it is combined with the scale edge and

counted as one year. Fish spawning for the second

time (fig. 6) had first spawned in 1956 when 4

years old. Marked males averaged 17.6 inches

fork length and 3.2 pounds in weight. Marked
females averaged 18.8 inches, fork length, and

4.1 pounds in weight.

MARKED FISH RECOVERED 1958

From a study of pelvic fin sections and radio-

graphs it was determined that 40 marked shad

were recovered in 1958. Age determined from

scale readings indicated that 39 fish were 6 years
old and one was 5 years old. The radiographs and

scale samples were re-examined and the above

findings confirmed. Therefore, an error of ap-

proximately 2 percent exists either in interpreta-

tion of radiographs or in age determination.

The 39 marked recoveries included 16 males and

23 females, of which 11 had no regeneration of

the right fin, 9 had one-third regeneration, 10 had

two-thirds regeneration, and 9 had complete re-

generation. This group consisted of 13 first-, 18

second-, and 8 third-year spawners. All males

(16) and 43 percent (10) of the females had pre-

viously spawned. Sixty-two percent (10) of the

males and 35 percent (8) of the females were

sijawning for the second year, and 38 percent (6)

of the males and 9 percent (2) of the females were

spawning for the third year. Figures 7 and 8

are representative scales from 6-year-old marked
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Figure 6.—Scale from "j-year-old marked shad spawning for the second time.

fish spawning for the first and third times.^ Those

spawning for the third time had first spawned in

1956 when 4 years old. The second spawning
mark was laid down in 1957. Marked males

averaged 18.2 inches fork length and 3.6 pounds
in weight. Marked females averaged 19.1 inches

fork length and 4.5 pounds in weight.

DISCUSSION AND CONCLUSION

Of the 1'29 fish classified from radiographs as

marked, only 3 were in disagreement with age as

determined from scale readings. These misclassi-

fications, 2 in 1957 and 1 in 1958, were caused by
error either in age determination or in inteq)reta-

tion of radiographs, which in some cases were

difficult to interpret. This minor disagi-eement,

approximately 2 percent of the fisii classified as

' Fipure 1 is n represptitative scale from a 6-.vear-oId marked
shad spawninc fur tlic second time. These flsh had first spawned
In 1957 when 5 years old.

marked, was considered insignificant and in no

way invalidates the findings of this report.

Methods used by Ivcim (192-1), Borodin (1925),

Greeley (1937), and Gating (1953), to age shad

were all considered in this study. Of these

methods, only Gating's proved to be a complete

and valid means for determining total age, age at

first spawning, and number of times previously

spawned. LaPointe (1958) correctly validated

the annulus as a true year mark on scales of shad

spawning for the fii-st time and he showed that

I^im had mistaken the fresh-water mark for the

first aitnulus. Therefore, the techniques used by
I^eim and Greeley to age shad gave age assessment

1 year greater than the actual age of the fish.

Borodin's method, applied to scales of marked

shad, gave eiToneous results and could not be justi-

fied on the basis of the present study.

Age of marked fish collected in 1950, 1957, and

1958 as determined from scale readings, was in
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Figure 7.—Scale from 6-year-old marked shad spawning for the first time.

agreement with known age established by mark-

ing. These findings indicate that the method used

to age shad (Gating, 1953) is valid and that annuli

and spawning marks are true indicators of age.

SUMMARY
One hundred thousand juvenile shad from the

Connecticut River were marked by removal of the

right pelvic fin, in 1952. Tlie objective of this pi'O-

gram was to recover marked fish of known age in

future years, to validate the use of annuli and

spa^vning marks for determining age of shad.

Marked fish were first recovered in the Connecti-

cut River in 1956 with subsequent recoveries in

1957 and 1958. Fish with marked and abnormal

fins were collected in each of these years. Twenty-
eight were collected in 1956, 132 in 1957, and 57

in 1958.

The pelvic fin section from each fish sampled
was X-rayed and classified as follows: (1)

marked, (2) malformed, and (3) missing.
Marked fins were identified by an enlargement at

the distal end of the radial bones at the point of

separation from the dermal fin rays. Pelvic fin

sections were classified as malformed, when there

was no enlargement of tlie distal end of the radials.

Missing fins were classified as to the fin or fins af-

fected. The number of marked fish collected each

year was determined from a study of pelvic fin

sections and radiographs.

Scales from sampled shad were read for total

age and number of times each fish had previously

spawned. The 1956 recoveries of mai'ked shad

were 4-year-oId fish spawning for the first time.

Those collected in 1957 were 5-year-old fish, with

I'ecoveries divided between first and second year

spawnei-s. Fish spawning for the second time had

first spawned in 1956. Marked fish collected in

1958 were 6 years old and consisted of first-, sec-

ond-, and third-year spawners. Those spawning
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FiGUBE 8.—Scale from 6-year-old marked shad spawning for the third time.

for the second time had first spawned in 1957, and

those spawning for the third time had first

spawned in 1956.

Age of marked shad, as determined from scale

readings, was in agreement with known age estab-

lished by marking. These findings validate the

use of annuli and spawning marks for determining
total age of shad.

LITERATURE CITED

Barney, R. L.

1925. A continuation of Borodin's .scale method of

use determination of Conecticut River shad. In

Mitchell, P. II., A report of investiRations con-

cerning shad in the rivers of Connecticut, Part III,

pp. 52-60. Hartford, Conn.

Borodin, N. A.

1925. Age of shad Alsoa sapidissima (Wilson), as

determined by the scales. In Mitchell, P. H., A
report of investigations concerning shad in the

rivers of Connecticut, Part II, pp. 46-51. Hartford,

Conn.

Cable, Louella E.

1956. Validity of age determination from scales, and

growth of marked Lake Michigan lake trout.

U.S. Fish and Wildlife Service, Fishery Bulletin,

No. 107, vol. 57, pp. 1-59.

Cating. James P.

1953. Determining age of Atlantic shad from their

scales. U.S. Fish and Wildlife Service, Fishery

Bulletin, No. 85, vol. 54, pp. 187-199.

Code, SIark R.

1950. Cutthroat trout without dorsal fins. Progres-
sive Fi.sh Culturist, vol. 12 (2) : pp. 85-86.

Greeley, John R.

1937. Fishes of the area with annotated list. In New
York ('onservation Department : A biological sur-

vey of the lower Hudson waterslunl; supplemental
to twenty-sixth annual report, 1936. Part II, pp.

4.5-103. .1. 15. Lyon Company, Albany, N.Y.

(iReenbank. Joii.n, and I). John ()"1)onnei.l.

1950. Hydraulic presses for making impressions on

fish scales. American Fisheries Society, Trans-

actions, vol. 78 (194,S), pp. 32-37.

H.wimer. Ralph Curtis.

1942. The homing instinct of the Chesiipeake Bay
shad Aluna saiiidissiiiui (Wilson), as revealed by a



170 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

Study of their scales. Thesis, University of Mary-
land, 4") pp. ( typewritten ) .

LaPointe, I)on.u.d F.

1958. Age and growth of the American shad, from

three Atlantic coast rivers. American Fisheries

Society, Transactions, vol. 87 (1957), pp. 139-150.

Leim, a. H.

1024. The life history of the .shad Alosa sapiiUssima

(Wilson), with special reference to the factors

limiting its abundance. Biological Board of Can-

ada, Contributions to Canadian Biology, vol. 2 (new

series), No. 11, pp. 161-284.

Moss, Douglas D.

1946. Preliminary studies of the shad (Al«sa sapi-

(lissima) catch in lower Connecticut River, 1944.

Eleventh North American Wildlife Conference,

Transactions, pp. 230-239.

Rich, W. H., and H. B. Holmes.
1928. Experiments in marking young chino<ik salmon

on the Columbia River, 1916 to 1927. U.S. Bureau
of Fisheries, Bulletin, vol. 44, pp. 215-264.

Stuakt, T. a.

1958. Marking and regeneration of fins. Scottish

Home Department, Freshwater and Salmon Fish-

eries Research, No. 22, pp. 1-14.

Sutherland, Doyle F.

1958. Use of diagnostic X-ray for determining verte-

bral numbers of fish. U.S. Fish and Wildlife Sen-

ice, Special Scientific Report—Fisheries No. 244,

9 pp.

Talbot, Gerald B., and James E. Sykes.

1958. Atlantic coast migrations of American shad.

U.S. Fish and Wildlife Service, Fishery Bulletin,

No. 142, vol. 58, pp. 473^90.

U.S. GOVERNMENT PRINTING OFFICE: 1961 O -590374







UNITED STATES DEPARTMENT OF THE INTERIOR, Stewart L. Udall, Secretary

FISH AND WILDLIFE SERVICE, Clarence F. Pautzke, Commissioner

BiREAi OF Commercial Fisheries, Donald L. McKernan, Director

CALANOID COPEPODS FROM EQUATORIAL WATERS OF

THE PACIFIC OCEAN

By GEORGE D. GRICE

•  ^^ if;/ .^
- ^

s^

ISSUED Mm^ ^^' '^^^•

v^.

FISHERY BULLETIN 186

From Fishery Bulletin of the Fish and Wildlife Service

VOLUME 61

[Contribution No. 1072. Woods Hole Oceanographic Institution]

Published by the U.S. Fish and Wildlife Service • 1961

Printed at the U.S. Government Printing Office, Washington

For sale by the Superintendent of Documents, U.S. Government Printing Office,

Washington 25, D.C.—Price 45 cents



Library of Congress catalog card for the series, Fishery Bulletin of

the Fish and Wildlife Service:

U. S. Fish and Wildlife Service.

Fishery bulletin, v. 1-

Washington, U.S. Govt. Print. Off., 1881-19

V. in illus., maps (part fold.) 23-28 cm.

Some vols, issued in the congressional series as Senate or House
documents.

Bulletins composing v. 47- also numbered 1-

Title varies: v. 1-49, Bulletin.

Vols. 1-49 issued by Bureau of Fisheries (called Fish Commission,
V. 1-23)

1. Fisheries—U.S. 2. Fish-culture—U.S. i. Title.

SH11.A25 639.206173 9—35239*

Library of Congress [59r55bl]



CONTENTS

Page

Materials 172

Methods 172

General remarks 174

Taxonomy 175

Family:
Calanidae 175

Eucalanidae 180

Paracalanidae 183

Pseudocalanidae 189

Aetideidae 190

Euchaetidae 199

Phaennidae 203

Scolecithricidae 206

Temoridae 213

Metridiidae 215

Centropagidae 218

Lucicutiidae 220

Heterorhabdidae 222

Augaptilidae 223

Arietellidae 226

Candaciidae 228

Pontellidae 239

Acartiidae 240

Literature cited 241

III



ABSTRACT

A systematic study was made of the calanoid copepods found in 14 zooplank-
ton samples, four of which were obtained from within the recently discovered

equatorial undercurrent (Cromwell current), collected between 5° N. and 5° S.

and 130° E. and 120° W.
One hundred and ten species belonging to 18 families were recorded.

Descriptive notes, measurements and figures were given for most species with

citations to previous occurrences in the Pacific Ocean.

Except for Scolecithricella tenuiserrata (Giesbrecht), the copepod species in

samples collected from within the equatorial undercurrent were not very differ-

ent from those in samples obtained adjacent to the current. The numerical

abundance and species diversity in equatorial waters were briefly compared
with that reported for the northwestern Pacific Ocean. Acrocalamis ander-

soni Bowman, Chirundina indica Sewell and Haloptilus fertilis (Giesbrecht)
were reported for the first time from the Pacific Ocean.

Three species, Xanthocalmius dilatiis, Aviallophora sviithae and Scolecithri-

cella tropica, are described as new, and hitherto unknown males of Gaetamis
miles Giesbrecht and G. minor Farran are briefly illustrated from juvenile spe-

cimens. It was proposed that Euchirella brevis Sars is a synonym for E.

amoena Giesbrecht; Eucluieta consimilis Farran for E. concinna Dana; Scoeci-

thrix longicornis Scott, and Scolecithricella spinipedata Mori for Scolecithricella

ctenopus (Giesbrecht) ; and Centropages pacificus Chiba for C. elongatus Gies-

brecht.

IV



CALANOID COPEPODS FROM EQUATORIAL WATERS
OF THE PACIFIC OCEAN

By George D. Grice, Woods Hole Oceanographic Institution '

The present paper concerns the calanoid

copepods found in plankton samples collected

along the equator, an area which has been rela-

tively unexplored taxonomically.

Systematic studies on calanoid copepods have

made these microcrustaceans one of the better

known groups of the holoplankton of the Pa-

cific Ocean. Extensive taxonomic reports are

available for the north Pacific (Brodsky, 1950),

the northeast Pacific (Davis, 1949), the west-

ern Pacific (Vervoort, 1946; Tanaka, 1953),

and the Pacific sector of the Antarctic (Ver-

voort, 1957). In addition there are numerous
smaller but nevertheless valuable papers con-

cerning the calanoid copepods of more re-

^ Woods Hole, Mass.

Fishery Bulletin 186. Approved for publication July 21, 1960.

stricted areas. Although there remain large,

unexplored areas, these recent papers and cer-

tain of the older ones (e.g., Scott, 1909) pro-

vide a framework for a zoogeographic study

of Pacific calanoids and, moreover, show where

additional investigations are needed.

Most of the laboratory work of this study was

done in Honolulu, Hawaii, in 1958 and 1959

under a fellowship from the John Simon Gug-

genheim Memorial Foundation. I wish to ex-

press my appreciation to the Foundation for

the opportunity to make this study. The U.S.

Fish and Wildlife Biological Laboratory furn-

ished space for the work, the use of their

library facilities and a part of their exten-

sive plankton collections. It is a pleasure to

acknowledge the cooperation of Thomas S. Aus-

130° 140° 150° 160° 170° 180° 170° 160° 150° 140° 130° 120° 110° 100°

Figure 1. Positions where plankton samples were obtained.
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tin and E. C. Jones. I wish also to thank Dr.

Paul lllg for his advice during the course of

the work, Dr. Thomas E. Bowman for review-

ing the manuscript, and my wife, Joan, for

assistance in completing the drawings.

MATERIALS

The present report is based on the examina-

tion of 14 plankton samples collected between

5° N. and 5° S. latitude and between 130° E.

and 120° W. longitude in the Pacific Ocean

(fig. 1). The pertinent data associated with

each plankton collection are presented in table

1. Hydrographic data associated with these

collections are given by King, Austin, and Doty

(1957) for the research vessel Hugh M. Smith,

cruise 31, and by Austin (1957) for cruise 85.

Processed reports containing hydrographic data

have been issued for Orsom cruise 56-4 (Le-

gand, 1957), for Stranger and Horizon cruises

(Scripps Institution of Oceanography, 1957),

and for Satsufna and Kagoshima cruises (Japa-
nese Hydrographic Office, 1956).

Four of the 14 samples (Smith cruise 31,

stations 94, 144, 178, and cruise 47, station 31)

were obtained from the recently discovered

equatorial undercurrent (Knauss and King,

1958) by means of closing net gear. In addi-

tion, one oblique tow {Smith cruise 35, station

63) apparently passed within the undercurrent
at least during part of the tow.

The three samples obtained on cruise 47 were
oriented with respect to the undercurrent. One
sample (cruise 47, station 31) was collected

within the current, and the other two were ob-

tained from below it (cruise 47, station 29)
and from above it (cruise 47, station 30).

Six collections (Smith cruise 35, station 63,

Stranger 34, Orsom 10, Horizon 32, Satswma
32, and Kagoshima 613) were selected from a

large number of plankton samples obtained by
vessels participating in a large scale quasi-syn-

optic study (Operation Equapac) in Pacific

equatorial waters. The samples used in the

present studies are those obtained nearest to

the Equator by each of the vessels.

METHODS

Owing to the large volume of most of the

samples, except Kagoshima 613, it was not

practical to examine the entire contents of each.

In order to estimate the percentage represen-
tation and the numerical abundance of the

common species, small quantities of the orig-
inal samples were examined. These sub-sam-

ples, the sizes of which are given in table 2,

were obtained by means of a plankton splitter

(McEwen, Johnson, and Folsom, 1954). On

Table L—Plankton station data

Research vessel
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Table 2.—List of species and number of specimens in each sub-sampfe

("X" indicates the species was found during the examination of other fractions of original sample|

Species
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Table 2.—List of species and number of specimens in each sub-sample—Continued

["X" indicates the species was found during the examination of other fractions of original sample]
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samples collected from adjacent waters—north

{Smith 132), south {Smith 153), and above

{Smith 30) and below {Smith 29) the under-

current—was not particularly distinctive. Sco-

lecithricella tenuiscnata, although apparently
absent from one undercurrent sample {Smith

94), did appear in the other three samples and

also in two other samples {Sntith 63, Stranger

34) that were collected from depths where the

undercurrent could be located, if present, but

several hundi'ed miles west of its known limits.

Knauss (1959), has indicated that the current

may extend as far west as about 160° E. ;
in

that event the above two samples could have

been collected from the current. Even if S.

tenuiserrata is typically found within the un-

dercurrent, it cannot be considered as an "indi-

cator" sensu stricto of the current. In addi-

tion to the present samples, this species has

been reported from near the Great Barrier

Reef (Farran, 1936) and from Japan (Tanaka,

1953).

Numerical abundance

The number of copepods calculated for those

collections in which a current meter was em-

ployed, varied from 2.3 to 56.4 with a mean of

21.8 copepods per cubic meter (table 2). These
data may be compared to numerical data pre-
sented by Brodsky (1952) for the northwestern

Pacific Ocean. Using only those collections in

which closing nets were used {Smith 94, 132,

144, 153, 178, and 31), a mean number of 26.8

copepods per cubic meter was calculated for

depths between approximately 50 and 150

meters in the eastern Pacific Ocean. Brodsky's
data included numerical abundances for seven

different vertical levels. For the 50 to 100-m.

level he gave a figure of 5,040 calanoids per
cubic meter and for the 100 to 200-m. level,

320 per cubic meter. Nine species were pres-

ent at the former level and ten at the latter

level. In comparison, there were no less than

25 species in any of the aforementioned eastern

Pacific closing net samples.

TAXONOMY

For each species I have given references to

its occun-ence in the Pacific Ocean, with the

exception of those early records summarized by
Giesbrecht and Schmeil (1898) and those cited

by Vervoort (1946, 1957). The former refer-

ence has usually been omitted in the following

sections. I have given measurements for sev-

eral individuals of a species and usually at all

stations where it occurred. The total-length

measurements are from the tip of the forehead

to the end of the furca, without regard to the

telescoped portions of the abdominal segments,

and are recorded in mm. unless otherwise indi-

cated. Except for PseudochireUa. copepodids
which could not be assigned to a species are

not mentioned.

Included under Remarks are certain taxo-

nomic or ecological notes and usually a few

brief statements on the diagnostic characters

of the species. It is hoped that the specific

characters mentioned and the figures presented

for each species will be useful to others making
identifications of tropical calanoid copepods.

All illustrations were made with a camera lu-

cida.

Family CALANIDAE

Calanns tenuicornis Dana, 1849

Pacific records: Vervoort, 1946. Also, Yamada,
1933; Johnson, 1942; Mori, 1942; Davis, 1949; Brodsl<y,

1950; Motoda, Iizul<a, and Anraku, 1950; Motoda and

.\nial<u, 1951; Anraku, 1952; Honjo, 1952; Motoda and

Anraku, 19.52b; Nakai, 1952; Anraku, 1953; Tanaka,
1953; Yamazi, 1953a; 1953c; Anraku, 1954a; 1954b;
Motoda and Anraku, 1954; Tsuruta and Chiba, 1954a;

1954b; Yamazi, 1954b; 1954d; Bowman, 1955; Chiba,

Tsuruta, and Maeda, 1955; Motoda and Anraku, 1955;

Nagaya et al., 1955; Yamazi, 1955a; Chiba, 1956;

Tanaka, 1956a; Heinrich, 1957a; Honjo et al., 1957;

Heinrich, 1958b; Yamazi, 1958a; 1958b; Brodsky, 1959;

Lindberg, 1959; Ponomareva, 1959.

Vessel: Station Occurrence

Hugh M. Smith __ 94 1 female, 1.87 mm.;
1 male, 1.80 mm.

Do 132 present.

Do 153 1 female, 1.75 mm.;
1 male, 1.56 mm.

Do 178 present.
Horizon 32 1 female, 1.68 mm.
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PLATE I.

SCALES

-H FIGS. 12.13,18

1 FIGS 1,4,5,7-10,15

FIGS. 2,3,6,14,17

FIG. 19

FIGS. 11,16,20,21

Plate 1— (1) Nannocalanus minor, female, dorsal view; (2) posterior part of thorax and genital segment, left

side; (3) posterior part of thorax and genital segment, right side; (4) male, dorsal view; (5) lateral view;

(6) fifth pair of feet; (7) stage V female, dorsal view; (8) lateral view; (9) Canthocalanus paaper, female,

dorsal view; (10) lateral view; (11) posterior part of thorax and abdomen, dorsal view; (12) endopod of first foot,

lateral view; (13) first and second basipodal segments of first foot, oblique view; (14) fifth foot; (15) male, lateral

view; (16) posterior part of thorax and abdomen, dorsal view; (17) fifth pair of feet; (18) distal two segments of

left fifth foot; (19) Neocalanus gracilis, female, lateral view; (20) posterior part of thorax and abdomen, lateral

view; (21) Neocalanus rohnstior, female, posterior part of thorax and abdomen, lateral view.
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Remarks: Most of the present specimens
have their fureal setae eroded. Bowman (1955)

has previously observed this in specimens col-

lected from the northeastern Pacific. He at-

tributed this erosion to protozoan parasites

which were present in the furcae. The ma-

jority of my specimens also contain these para-

sites in the furcae. Bowman (1955) has fully

figured C. light i, a species which differs mor-

phologically from tenuicornis only in size.

Nannocalanus minor (Glaus, 1863)

(Plate 1, figs. 1-8)

Pacific records: Vervoort, 1946. Also, as Calamts

minor; Yaniada, 1933a; Mori, 1937; 1942; Wilson,

1942; Anraku, 1952; Chiba, 1952c; Honjo, 1952;

Nakai, 1952; Tanaka, 1953; Yamazi, 1953a; 1953b;

1953c; Anraku, 1954b; Motoda and Anraku, 1954;

Tsuruta and Chiba, 1954b; Yamazi, 1954b; 1954d;

Chiba, Tsuruta, and Maeda, 1955; Hida and King,

1955; Jlotoda and Anraku, 1955; Nagaya et al., 1955;

Yamazi, 1955d; Chiba, 1956; Tanaka, 1956a; Honjo et

al., 1957; Yamazi, 1958a. As Nannocalamis minor;

Wilson, 1950; Brodsky, 1955; Rose, 1955; Heinrich,

1957b; 1958a; Brodsky, 1959.

Vessel: Station Occurrence

Hugh M. Smith __ 94 1 female, 1.73 mm.
Do 132 14 females, 1.56-1.70

mm.; 7 males,
1.39-1.43 mm.

Do 144 1 female, 1.73 mm.
Do 153 10 females, 1.58-1.67

mm.; 3 males,

1.44-1.46 mm.
Do 178 25 females, 1.51-1.65

mm.; 12 males,
1.31-1.51 mm.

Do 31 1 female, 1.75 mm.
Do 29 1 female, 1.80 mm.
Do 63 1 female, 1.80 mm.

Stranger 34 6 females, 1.53-

1.70 mm.
Orsom 10 2 females, 1.58, 1.61

mm.; 4 males 1.24-

1.46 mm.
Horizon 32 9 females (stage

V), 1.5.3-1.70 mm.

Remarks: All the above female specimens

belong to N. minor f. ynajor (Sewell, 1929).

Although Sewell (1947) has recently recog-

nized two forms of the male (f. major and f.

minor) ,
I was unable to distinguish these forms

among the above specimens. Presumably, they
are all referable to f. major as Vervoort (1946)

has reported smaller males (1.20-1.29) from

one Snelliii^ station (113) in Netherlands East

Indies.

Canthocalanus pauper (Giesbrecht, 1888)

(Plate 1, figs. 9-18)

Pacific records: Vervoort, 1946. Also, as Calayius

pauper; Mori, 1937; 1942; Honjo, 1952; Yamazi, 1953a;

1953b; Anraku, 1954b; Johnson, 19.54; Tsuruta and

Chiba, 1954b; Motoda and Anraku, 1955; Nagaya et

al., 1955. As Canthocalanus pauper; Wilson, 1942;

1950; Tanaka, 1953; Brodsky, 1955; Rose, 1955; Ta-

naka, 1956a; Yamazi, 1958a.

Vessel: Station Occurrence

Hugh M. Smith ___ 63 1 female, 1.42 mm.

Stranger 34 1 male, 1.31 mm.
Orson 32 2 females, 1.42, 1.46

mm.; 1 male, 1.36

mm.

Remarks : This small copepod is most easily

recognized by the peculiarly shaped spine on

the second basipodal segment of the first pair

of feet (figs. 12, 13) in the female and the

structure of the fifth pair of feet (figs. 17, 18)

in the male.

Neocalanus gracilis (Dana, 1849)

(Plate 1, figs. 19-20)

Pacific records: Vervoort, 1946; 1957. Also, as

Calaniis gracilis; Mori, 1942; Honjo, 1952; Tsuruta

and Chiba, 1954b; Motoda and Anraku, 1955; Nagaya
et al., 1955; Chiba, 19.56; Honjo et al., 1957. As

Neocalanus gracilis; Tanaka, 1953; Hida and King,

1955; Tanaka, 1956a; Yamazi, 1958a.

Vessel: Station Occurrence

Hugh M. Smith __ 94 present.

Do 132 8 females (stage V),
2.34-2.48 mm.

Do 153 1 female, 3.09 mm.

Do 31 2 females, 3.33 mm.

Stranger 34 4 females, 3.01-3.06

mm.
Orsom 10 1 female, 2.96 mm.

Satsuina 32 1 female, 2.11 mm.

Remarks: Vervoort (1946) has listed the

differences between this species and Neocalanus

robustior (Giesbrecht). The adult females of

N. gracilis are smaller (maximum 3.33) and

the genital segment is less produced ventrally

(fig. 20). No males were encountered in the

present collections.
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Neocalanus robustior (Giesbrecht, 1888) (1950) speak of the great abundance of this

(Plate 1 fig. 21) species in the Netherlands East Indies and near

the Hawaiian Islands, respectively. Scott
Pacific records: Vervoort, 1946 Also, as Calanus

^g^g^ ^j^^ ^^^^^ j^ abundantly in the Malay
robustior; Mori, 1937; Honjo, 1952; Yamazi, 1953a; » , . , ... ^ , ,^^.r^s  

Tsuruta and Chiba, 1954b; Chiba,Tsuruta, and Maeda, Archipelago area as did Johnson (1949) in

1955; Nagaya et al., 1955; Chiba 1956; Honjo et al., Bikini Lagoon and Tanaka (1956a) in the Izu

1957. As Neocalanus robustior; Wilson, 1942; 1950; region of Japan. In view of its extreme scar-

Tanaka, 1953; Brodsky, 1955; Tanaka, 1956a; Yamazi, ^ity in the present collections, it is apparently
1958a

' CI ^

more of an insular and nearshore species in

Vessel: Station Occurrence contradistinction to UncUnula clarivini, a wide-

Hugh M. Smith __ 153 1 female, 4.08 mm. spread species ill the present collections.
Do 178 1 female, 3.40 mm.
Do 63 1 female (stage V), ,r .. , . • wt uu i .o^.x

2 99 mm 3 fp
Undinuta aarwim (Lubbock, 1860)

males, 3:80-3.89
^p^^^ 2^ ^^^^_ ^_^^

mm.
Stranger 34 1 female, 3.61 mm. Pacific records: Vervoort, 1946. Also, as Calanus

_, 1 m. , • / j_ XI r, ^ darwini; Yamada, 1933a; Mori, 1937; 1942; Anraku,
Remarks: The large size (greater than 3.4

jggg; Honjo, 1952; Nakai, 1952; Yamazi, 1953a; 1953b;

mm.) and greatly produced genital segment 1953c; Anraku, 1954b; Chiba and Tsuruta, 1954; Ya-

(fig. 21) of this species distinguishes it from mazi, 1954b; Motoda and Anraku, 1955; Nagaya et al.,

A^. gracilis. No males were found in the pres- 19^5; Yamazi, 1955a; 1955d; Chiba, 1956; Honjo et al.,

,

oyyiTil o 1957; Yamazi, 1958b. As Undinula darivini; Wilson,
samples. ^^^2- 1950

; Tanaka, 1953; Johnson, 1954; Brodsky,

1955; Rose, 1955; Tanaka, 1956a; Heinrich, 1957b;

Undinula vulgaris (Dana, 1849) 1958a; Yamazi, 1958a; 1958b.

Remarks : All female specimens of this spe-
Paciflc records: Vervoort, 1946. Also, as Ca/onits cies have a group of inwardly projecting spines

vulgaris; Yamada 1933a; Mori 1937; 1942; Chiba
^^ ^^^ ^^^^^^. ^.^^^ ^^ ^^^ ^^^^ thoracic segment

1952c; Honjo, 1952; Anraku, 1954b; Tsuruta and ,„ ^^ ., , , . ,. n i-,  • j_i

Chiba, 1954b; Motoda and Anraku, 1955; Chiba, 1956; («& D- Also characteristic of this sex IS the

Honjo et al., 1957. As Undinula vulgaris; Wilson, shape of the genital segment, which m dorsal

1942; Johnson, 1949; Wilson, 1950; Tanaka, 1953; view, is seen to narrow anteriorly (fig. 1).
Johnson, 1954; Brodsky, 1955; Hida and King, 1955; The three forms of the female of this species
Rose, 1955; Tanaka, 1956a; Yamazi, 1958a.

(described by Sewell, 1929) are distinguished

Vessel: Station Occurrence by the shape of the left fifth thoracic margin
Satsiima 32 1 male, 2.04 mm. and spinulation of the proximal segments of

T1 1 -n J.1 T7 i. /inj/.s J Tir-1 the first antennae. The right fifth thoracic
Remarks: Both Vervoort (1946) and Wilson . . ,, ,, „ . , , , ,

margin in all three lorms is rounded and has

Vessel: Station Occurrence (measurement in mm.; number of specimens in paren.)

f. typica f. symmetrica f. intermedia

female female female male

Hugh M. Smith 94 (1)

Do
Do
Do
Do
Do
Do
Do
Do

182 1.97(1)

144 1.90(1) 1.87-2.04(7) 1.80(3)

153 1.90-2.00(2) 1.80-1.90(7) present.

178 present 1.84-1.90(20) 1.60-1.67(4)

30 .

31 .

29 .

63 .

Stranger 34

Orsom 10

Horizon 32

Satsuma 32

2.00(2) 1.95-2.04(4)

1.90-2.18(2) 2.00(1) (2)

(1)

1.90(1) 1.94-2.04(5) (8)

2.04(1) 2.04(1) 2.07(1) (3)

1.90(1) 1.73(1)

2.04(1) 1.94-2.07(4)

1.80(1) 1.84-1.90(5) 1.63(1)
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SCALES

^ FIG, 2.

179

^ FIGS. 10,14,17,20

FIGS. 15,16,19

FIGS. 1,3-9,1 113, 18,21, 22

Plate 2.— (1) Undimda darwini f. typica, female, posterior part of thorax and genital segment, dorsal view;

(2) segments 6 and 7 of first antenna; (3) posterior part of thorax and abdomen, left side; (4) posterior part of

thorax and abdomen, left side; (5) U. darwini f. symmetrica, female, posterior part of thorax and genital segment,

right side; (6) posterior part of thorax and genital segment, left side; (7) U. daricini f. intermedin, female,

posterior part of thorax and abdomen, left side; (8) posterior part of thorax and abdomen, left side; (9) posterior

part of thorax and abdomen, right side; (10) Eucalanus atteniiatiis, female, second basal segment and endopod
of mandible; (11) first maxilla; (12) E. miicronatux, stage IV, female, forehead, dorsal view; (13) forehead,

lateral view; (14) first maxilla; (15) stage V, male, dorsal view; (16) lateral view; (17) first maxilla; (18) fifth

foot; (19) E. siibtetmis var. japonica, female, dorsal view; (20) forehead, lateral view; (21) basal segments and

endopod of mandible
; (22) first maxilla.



180 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

a small notch. In forma typica, both segments
6 and 7 of the first antennae have a row of

spinules along the distal margin (fig. 2). The
left fifth thoracic mai'gin is somewhat vari-

able in shape. Typically, it is produced into a

point which is directed ventrally (fig. 3). In

a few individuals this margin was expanded
and rounded (fig. 4). In forma symmetrica, a

row of spinules is also present on segments 6

and 7 of the first antennae, but the two thoracic

margins are symmetrical (figs. 5, 6). In forma

intermedia, spinules are present on segments 3

through 7 of the first antennae, and the left

fifth thoracic margin is usually more or less

triangular in shape (fig. 7). In several speci-

mens, this margin was rounded similar to that

of forma symmetrica (fig. 8). Most examples
of forma intermedia also had a small group
of spines situated on the left mid-lateral margin
of the second abdominal segment.

Chiba (1953a) has recently discussed and

presented figures of small (40-60/i) spherical

bodies which he detected within the furcae of

the female of this species. He considered these

objects to be eggs and analogized the "egg
chamber" (furca) to the brood sac of daphnids.
I too have seen these bodies in the furcae of

this species. They are possibly protozoan para-
sites but not the reproductive eggs of the

species.

Family EUCALANIDAE

Eticalanns attenuatus (Dana, 1849)

(Plate 2, figs. 10, 11)

Pacific records: Vervoort, 1946. Also, Yamada,
1933a; Tanaka, 1935a; Mori, 1937; Johnson, 1942;

Mori, 1942; Wilson, 1942; Brodsky, 1950; Wilson, 1950;

Anraku, 1952; Honjo, 1952; Tanaka, 1953; Yamazi,

1953c; Anraku, 1954b; Johnson, 1954; Tsuruta and

Chiba, 1954b; Yamazi, 1954d; Brodsky, 1955; Chiba,

Tsuruta and Maeda, 1955; Hida and King, 1955; Mo-

toda and Anraku, 1955; Nagaya et al., 1955; Rose,

1955; Yamazi, 1955a; 1955d; Chiba, 1956; Tanaka,

1956a; Honjo et al., 1957; Heinrich, 1958a; 1958b;

Yamazi, 1958a; Brodsky, 1959; Lindberg, 1959; Pono-

mareva, 1959.

Vessel : Station Occurrence

Hugh M. Smith __ 132 1 female, 3.89 mm.
Do 153 present.

Do 178 2 females, 3.61, 3.80

mm.; 1 male, 2.96

mm.
Do 30 1 female, 3.16 mm.
Do 31 5 males, 2.92-3.06

mm.
Do 63 2 females, 3.90, 4.08

mm.
Stranger 34 1 female, 3.06 mm.
Horizon 32 7 females, 3.90-4.28

mm.; 1 female

(stage V) 3.20

mm.

Remarks: Vervoort (1946) noted that there

were large variations in the sizes of his speci-
mens (females, 3.5.5-5.80; males 2.95-4.35)
from the Netherlands East Indies, but he could

find no anatomical differences between the size

groups. Tanaka (1956a) likewise observed

that there were large size variations (female,

4.32-6.19; male, 3.24-4.67) in the lengths of

specimens obtained from the Izu region of

Japan. He reported differences (shape of geni-

tal segment, presence of hair on female, rela-

tive lengths of segments of fifth pair of feet in

the male) between the larger specimens of this

species and suggested that a northern variety

may have been present. The lengths of the

present specimens were not nearly so variable

as those reported by Vervoort or Tanaka.

Eucalantis mucronattts Giesbrecht, 1888

(Plate 2, figs. 12-18)

Pacific records: Vervoort, 1946; 1957. Also, Ya-

mada, 1933; Tanaka, 1935a; Honjo, 1952; Nakai, 1952;

Tanaka, 1953; Yamazi, 1953a; Anraku, 1954b; Chiba,

Tsuruta, and Maeda, 1955; Motoda and Anraku, 1955;

Nagaya et al., 1955; Tanaka, 1956a; Honjo et al., 1957;

Yamazi, 1958a; 1958b.

Vessel : Station Occurrence

Horizon 32 1 female (stage IV),
2.07 mm.; 1 male

(stage V), 2.55

mm.

Remarks: Juveniles of this species were

found in one collection. They are easily recog-

nized by the pointed forehead, which is present

in both sexes.



COPEPODS FROM EQUATORIAL WATERS OF PACIFIC OCEAN 181

Eucalanus suhtenuis Giesbrecht, 1888

(Plate 2, figs. 19-21; Plate 3, figs. 1-4)

Pacific records: Ver\'oort, 1946. Also, Mori, 1937;

Tanaka, 1935a; Johnson, 1942; Mori, 1942; Wilson,

1942; 1950; Tanaka, 1953; 1956a; Fukase, 1957; Honjo
et al., 1957; Heinrich, 1958b.

Vessel: Station Occurrence

Hugh M. Smith 94 1 female, 3.12 mm.
Do 132 13 females, 2.55-2.96

mm.
Do 144 10 females, 2.40-2.60

mm.
Do 153 present.

Do 178 15 females, 2.65-2.72

mm.; 6 males,

2.45-2.52 mm.
Do 31 15 females, 2.55-2.79

mm.
Do 63 16 females, 2.69-2.96

mm.; 1 male, 2.51

mm.

Remarks: All of the present specimens are

referable to E. suhtenuis var. japonica Fukase,

1957. This variety is distinguished from stib-

tenuis chiefly by the number of setae on the

mandibular palpus (both sexes) and the struc-

ture of the fifth feet of the male. There are

3 setae on the mandibular palpus (fig. 21 ; fig.

3) and the distal segment of the fifth foot is

longer than the terminal spine (fig. 4). In

suhtenuis there are 2 setae on the mandibular

palpus and the tei'minal spine of the fifth foot

is longer than the distal segment.

According to Fukase, Tanaka's (1935a) E.

suhtenuis and Mori's (1937) E. mucronatus are

both referable to siihtenuis var. japonica.

This species was present in seven of the

samples and in four of these (Smith 132, 144,

178, 63) it was the most abundant species.

Eucalanus pileatus Giesbrecht, 1888

(Plate 3, figs. 5-12)

Pacific records: Scott, 1909; Tanaka, 1935a; Wilson,

1950; Tanaka, 1953; 19.'36a.

Vessel : Station Occurrence

Satsuma 32 2 females, 1.80 and

1.94 mm.

Remarks : This species closely resembles E.

subcrassus and the two may prove to be con-

specific. Until a detailed study is made of each,

it seems best to keep them separate. The fe-

males may be distinguished as follows (Pacific

specimens) :

1. Size. E. pileatus, 1.80-2.41; E. subcras-

sus, 2.23-2.82. (length data from Tanaka,

1935a; Mori, 1937; Vervoort, 1946; and pres-

ent data) . Farran (1936) has reported E. sub-

crassus with total lengths of 1.84-2.92 from
the Great Barrier Reef. He did not record

E. pileatus.

2. Shape of forehead. In dorsal view an-

terior end of forehead more produced in E.

pileatus (fig. 7) than in E. subcrassus (plate

3, fig. 15).

3. Shape of genital segment. E. pileatus,

greatest diameter at a point approximately
one-half the length of the segment (fig. 10) ;

E. subcrassus, greatest diameter in lower third

of segment (plate 3, fig. 16).

Eucalanus subcrassus Giesbrecht, 1888

(Plate 3, figs. 13-17)

Pacific records: Vervoort, 1946. Also, Tanaka,

1935a; Mori, 1937; 1942; Wilson, 1950; Anraku, 1952;

Honjo, 1952; Tanaka, 1953; Anraku, 1954b; Tsuruta

and Chiba, 1954b; Brodsky, 1955; Chiba, Tsuruta, and

Maeda, 1955; Motoda and Anraku, 1955; Nagaya et al.,

1955; Rose, 1955; Tanaka, 1956a; Honjo et al., 1957;

Yamazi, 1958a.

Vessel: Station Occurrence

Hugh M. Smith ._ 63 3 females, 2.44-2.52

mm.
Stranger 34 3 females, 2.24-2.48

mm.
Orso7n 10 4 females, 2.31-2.48

mm., 3 males

(stage V), 2.11-

2.18 mm.

Remarks: Vervoort (1946) stated that there

are 4 setae on the second basal joint of the first

maxilla. The present specimens, however, have

5 (fig. 17).

Rhhicalanus cornutus (Dana, 1849)

(Plate 3, figs. 18-19)

Pacific records: Vervoort, 1946. Also, Yamada, 1933;

Tanaka, 1935a; Mori, 1937; 1942; Wilson, 1942; 1950;

Honjo, 1952; Tanaka, 1953; Anraku, 1954b; Tsuruta

and Chiba, 1954b; Chiba, Tsuruta and Maeda, 1955;

Hida and King, 1955; Nagaya et al., 1955; Rose, 1955;
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PLATE 3.

SCALES

0.05mm
FIG. 12

0.5 mm
< FIGS. 1,2,5,6

FIGS. 3,4,17-19

FIGS. 13,14

FIGS. 7-11.15,16

Plate 3.— (1) Eucalanus subtenuis var. japonica, male, dorsal; (2) lateral; (3) mandible palpus; (4) fifth

foot; (5) E. pileatus, female, dorsal view; (6) female, lateral view; (7) forehead, dorsal view; (8) forehead,

ventral view; (9) forehead, lateral view; (10) abdomen, dorsal view; (11) posterior part of thorax and abdomen,
lateral view; (12) first maxilla (part); (13) £. swtcrassxs, female, dorsal view; (14) lateral view; (15) forehead,

dorsal view; (16) abdomen, dorsal view; (17) first maxilla; (18) Rhincalanus co7-nutus, stage V, male, Mth puir oi

feet; (19) adult male, fifth pair of feet.
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Chiba, 1956; Tanaka, 1956a; Honjo et al., 1957;

Yamazi, 1958a.

Vessel : Station Ocairrence

Hugh M. Smith ^- 94 2 females, 2.79, 3.20

mm.
Do 144 1 female, 3.09 mm.
Do 153 1 male, 2.89 mm.
Do 31 2 females, 3.33; 2

males (stage V),

2.70, 2.80 mm.
Do 29 18 females, 3.20-3.33

mm.; G males,

2.79-2.86 mm.
Do 63 3 females, 3.09-3.24

mm.

Stranger 34 1 female, 3.09 mm.
Orsom 10 2 males, 2.69, 2.72

mm.
Horizon 32 2 females, 3.40 mm. ;

1 male (stage

V), 2.52 mm.
Satsxtma 32 1 male, 2.95 mm.

Remarks: All of the above females belong

to R. cornutnj^ f. typica Schmaus. This spe-

cies was widely distributed in the samples.

Rhincalanus tiasutus Giesbrecht, 1888

Pacific records: Vervoort, 1946; 1957. Also, Yamada,

1933; Tanaka, 1935a; Johnson, 1942; Brodsky, 1950;

Anraku, 1952; Honjo, 1952; Tanaka, 1953; Anraku,

1954b; 1954c; Chiba and Tsuruta, 1955; Tanaka, 1956a;

Honjo et al., 1957; Heinrich, 19.58a; Yamazi, 1958a.

Vessel : Station Occurrence

Hugh M. Smith __ 94 4 females, 4.08-4.37

mm.

Remarks: This species occurred in but one

sample which was collected in the eastern Pa-

cific by a closing net at a depth between 146

and 172 meters. As Vervoort (1946) men-

tioned, it is primarily a subsurface species.

Family PARACALANIDAE

Paracalanus aculeattis Giesbrecht, 1888

(Plate 4, figs. 1-3)

Pacific records: Vervoort, 1946; 1957. Also, Yamada,

1933a; 1933b; Mori, 1942; Anraku, 1952; Chiba, 1952a;

1952b; Honjo, 1952; Nakai, 19.52; Anraku, 1953;

Tanaka, 1953; Yamazi, 195:3c; Anraku, 1954b; Tsuruta

and Chiba, 1954b; Chiba, Tsuruta, and Maeda, 1955;

Motoda and .Anraku, 1955; Nagaya et al., 1955; Rose,

1955; Chiba, 1956; Tanaka, 1956b; Honjo et al., 1957;

Yamazi, 1958a.

Vessel: Station Occurrence

Hugh M. Smith __ 144 1 female, 1.0 mm.
Do 153 2 females, 1.09, 1.17

mm.
Do 178 2 females, 1.10 mm.
Do 31 1 female, 1.10 mm.
Do 63 9 females, 1.04-1.16

mm.

Stranger 34 4 females, 1.07-1.17

mm.
Orsom 10 3 females, 1.07-1.12

mm.
Horizon 32 2 females, 1.05, 1.10

mm.

Remarks: All the present specimens belong

to P. aculcatus f. major Sewell, 1929. It was

widely distributed in the present collections,

but no males were observed.

Paracalanus parvus (Claus, 1863)

Pacific records: Vervoort, 1946; 1957. Also, Mori,

1942; Lowe, 1936; Chiba, 1949; Kokubo, 1950; Yamazi,

1950; 1951; Anraku, 1952; Honjo, 1952; Motoda and

Anraku, 1952a; Yamazi, 1952a; 1952b; 1952c; Anraku,

1953; Tanaka, 1953; Yamazi, 1953a; 1953b; 1953c; An-

raku, 1954a; 1954b; Tsuruta and Chiba, 1954b; Yamazi,

1954a; 1954b; 1954c; 1954d; 1954e; Chiba, Tsuruta,

and Maeda, 1955; Motoda and Anraku, 1955; Nagaya
et al., 1955; Nakai, 1955; Rose, 1955; Yamazi, 1955a;

1955b; 1955c; 195.5d; Chiba, 1956; Shen and Bai, 1956;

Tanaka, 1956b; Honjo et al., 1957; Legare, 1957;

Yamazi, 1957; 1958a; 1958b; Brodsky, 1959; Lindberg,

1959.

Vessel: Station Occurrence

Hugh M. Smith __ 94 2 females, 0.99 mm.

Remarks: Although this is a cosmopolitan

species, it was observed in but one sample.

Possibly its small size permitted most of the

specimens to pass through the meshes of the

nets employed or perhaps it is not too abundant

in the waters sampled.

Paracalanus diihia Sewell, 1912

(Plate 4, figs. 4-12)

Pacific records : Rose, 1955.

Vessel :

Kagoshima

Station Occurrence

_ 613 1 female, 0.49 mm.
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PLATE 4.

SCALES
0.05mm

< FIGS 3,6H2

FIGS. 2,4,5

Plate 4.— (1) Paracalanus aculeatus, female, lateral view; (2) fourth pair of feet (one exopod missing);

,(3) fifth pair of feet; (4) P. dubia, female, dorsal view; (5) lateral view; (6) abdomen, dorsal view; (7) first

antenna; (8) first foot; (9) second foot; (10) third foot; (11) fourth foot; (12) fifth foot.
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PLATE 5.

SCALES

0.05mm
H FIGS. I

I

0-5mm
, FIGS. 1,2.17,18

0.1 mm
FIGS. 5-13, 15

2:^ FIGS. 3.4,19,20

Plate 5.— (1) Acrocalanus longicornis

and abdomen, dorsal view; (4) posterior part

foot, posterior; (7) second foot, anterior; (

segments of endopod; (10) distal 2 segments
distal 2 segments of endopod; (12) distal 2

third exopodal segment; (14) third exopodal
third exopodal segment; (16) third exopodal

view; (18) lateral view; (19) posterior part
and abdomen, lateral view.

female, dorsal view; (2) lateral view; (3) posterior part of thorax

of thorax and abdomen, lateral view; (5) first foot, anterior; (6) first

8) second foot, posterior; (9) third foot, anterior, without distal 2

of endopod of third foot, anterior; (11) third foot, posterior, without

segments of endopod, posterior; (13) fourth foot, anterior, without

segment of fourth foot, anterior; (15) fourth foot, posterior, without

segment of fourth foot, posterior; (17) A. nridersoni, female, dorsal

of thorax and abdomen, dorsal view; (20) posterior part of thorax
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PLATE 6.

SCALES

 

0-05mm
, piGS. 6,10,13

FIGS. 1-5,9

FIGS. 7,8,1 1,12

Plate 6.— (1) Acrocalanus andersoni, first foot, anterior; (2) second foot, anterior; (3) second foot, posterior;

(4) third foot, anterior; (5) third foot, posterior; (6) third exopodal seg^nent of fourth foot, posterior; (7) A.

monachus, female, dorsal view; (8) lateral view; (9) fourth foot, posterior; (10) Calocalamis pavo, female, fifth

pair of feet; (11) C. plumulosus, female, dorsal view; (12) lateral view; (13) fifth pair of feet.
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Remarks : The forehead of the present spe-

cimen as well as the spination of certain of

the first four pairs of swimming feet differ

somewhat from Sewell's description. The fifth

pair of feet of Sewell's P. serrati'pes are similar

to those of P. dubia but the former is a larger

species (1.10 mm.).
The small spinules on the distal end of the

terminal segment of the fifth feet can best be

seen under oil immersion. The other feet, ex-

cept the first pair, were also examined under

oil in order to ascertain the number of setae,

surface spines and lateral teeth on the various

segments.

Only one specimen was obtained and this was

partly destroyed in the process of dissection.

Acrocalanus longicornis Giesbrecht, 1888

(Plate 5, figs. 1-16)

Pacific records: Vervoort, 1946. Also, Yamada, 1933;

Mori, 1937; 1942; Wilson, 1942; 1950; Tanaka, 1953;

Tsuruta and Chiba, 1954b; Chiba, Tsuruta and Maeda,

1955; Nagaya et al., 1955; Rose, 1955; Yamazi, 1955a;

Tanaka, 1956b; Honjo et al., 1957; Yamazi, 1958a.

Vessel: Station Occurrence

Hugh M. Smith __ 153 2 females, 1.20, 1.22

mm.
Do 31 1 female, 1.26 mm.
Do 63 2 females, 1.19, 1.24

mm.
Stranger 34 7 females, 1.17-1.27

mm.

Remarks: The presence of a partial suture

between the head and first thoracic segment
(figs. 1, 2) and the spination of the swimming
feet, particularly the number of teeth (more
than 18) on the distal part of the third exopodal

segment of the fourth pair of feet (figs. 14,

16), distinguished this species from others in

the genus.

Acrocalanus andersoni Bowman, 1958

(Plate 5, figs. 17-20; Plate 6, figs. 1-6)

Pacific records: None.

Vessel: Statioyi Occurrence

Stranger 34 1 female, 0.95 mm.
Orsom 10 3 females, 1.12-1.17

mm.
Kagoshima 613 1 female, 1.12 mm.

Remai-ks: This species was recently de-

scribed from specimens obtained from the south

Atlantic coast of the United States (Bowman,
1958). It is recognized by the lack of partial

suture between the head and first thoracic seg-

ment (figs. 17, 18) and the number of latei-al

teeth (11) on the distal part of the third ex-

opodal segment of the fourth pair of feet (fig.

6).

Acrocalanus monachus Giesbrecht, 1888

(Plate 6, figs. 7-9)

Pacific records: Scott, 1909; Farran, 1936; Mori,

1937; 1942; Wilson, 1942; 1950; Tanaka, 1953; Tsu-

ruta and Chiba, 1954b; Chiba, Tsuruta, and Maeda,
1955.

Vessel : Station Occurrence

Stranger 34 2 females, 1.02, 1.05

mm.
Orsom 10 1 female, 1.00 mm.
Horizon 32 3 females, 1.00-1.10

mm.

Remarks: The truncate appearance of this

species in lateral view (fig. 8) readily distin-

guishes it from others in the genus.

Calocalanus pavo (Dana, 1849)

(Plate 6, fig. 10)

Pacific records: Vervoort, 1946. Also, Yamada,

1933a; Mori, 1937; Johnson, 1942; Mori, 1942; Wilson,

1942; 1950; Tanaka, 1953; Yamazi, 1953b; 1953c;

Johnson, 1954; Tsuruta and Chiba, 1954b; Yamazi,

1954d; Brodsky, 1955; Chiba, Tsuruta, and Maeda,

1955; Nagaya et al., 1955; Rose, 1955; Yamazi, 1955d;

Chiba, 1956; Tanaka, 1956b; Heinrich, 1957b; Honjo
et al., 1957; Heinrich, 1958b; Yamazi, 1958a; 1958b.

Vessel: Station Occurrence

Hugh M. Smith __ 153 1 female, 0.85 mm.
Do 63 1 female, 1.00 mm.

Stranger 34 1 female, 1.19 mm.
Orsom 10 1 female, 0.97 mm.
Horizon 32 ____ 1 female, 1.00 mm.

Remarks: Bernard (1958) has recently re-

vised the genus Calocalanus based on material

collected in the Bay of Algiers. She proposed
the family Calocalanidae, which consists of the

genus Calocalanus s. str. and two new genera,

Leptocalamis and Dolichocera. She has also
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PLATE 7.

SCALES

< FIGS. 11-13,15-17,22-27

Plate 7.— (1) Clausocalanus arcuicornis t. -major, female, lateral view; (2) posterior part of thorax and

genital segment, lateral view; (3) fifth pair of feet; (4) C. arcuicornis f. minor, female, dorsal view; (5) posterior

part of thorax and genital segment, lateral view; (6) fifth foot; (7) C. ftircatus, female, lateral view; (8) fifth

pair of feet; (9) Euaetideus giesbrechti, female, dorsal view; (10) forehead, lateral view; (11) posterior part of

thorax and abdomen, dorsal view; (12) posterior part of thorax and abdomen, lateral view; (13) abdomen, ventral

view; (14) rostrum; (15) second antenna; (16) mandible; (17) mandible palpus (other side) ; (18) first maxilla;

(19) second inner lobe of first maxilla; (20) third inner lobe of first maxilla; (21) second maxilla; (22) first foot,

anterior; (23) second foot, posterior; (24) third foot, posterior; (25) second basipodal segment and first and

second segments of endopod and exopod of third foot, anterior; (26) fourth foot, posterior; (27) second basipodal

segment and first and second segments of endopod and exopod of fourth foot, anterior.
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described two new species and presented de-

scriptions of five hitherto unknown males.

Calocalaniis gracilis Tanaka, 1956, is not in-

cluded in her revision.

Calocalanus plumulostis (Claus, 1863)

(Plate 6, figs. 11-13)

Pacific records: Scott, 1909; Farran, 1929; 1936;

Dakin and Colefax, 1940; Mori, 1942; Wilson, 1942;

Anraku, 1953; Tanaka, 1953; Tanaka, 1956b; Hein-

rich, 1957b; 1958b; Yamazi, 1958a.

Vessel :

Satsuma
Station Occurrence

__ 32 2 females, 0.87 mm.

Remarks: According to Bernard's revision

(see Remarks under preceding species), this

species belongs to a new genus, Leptocalanus.

The descriptions presented by Tanaka (1956b)

and Bernard (1958) of the male are quite dif-

ferent and the two are not unispecific.

Family PSEUDOCALANIDAE

Clausocalanus arcuicornis (Dana, 1849)

(Plate 7, figs. 1-6)

Pacific records: Vervoort, 1946; 1957. Also, Yamada,

1933; Johnson, 1942; Mori, 1942; Brodsky, 1950; Nakai,

1952; Anraku, 1954b; Tsuruta and Chiba, 1954b;

Brodsky, 1955; Chiba, Tsuruta, and Maeda, 1955; Mo-

toda and Anraku, 1955; Nagaya et al., 1955; Rose,

1955; Chiba, 1956; Tanaka, 1956b; Heinrich, 1957b;

Honjo et al., 1957; Heinrich, 1958a; Yamazi, 1958a;

Brodsky, 1959; Lindberg, 1959; Ponomareva, 1959.

Vessel :

Hugh M. Smith
Do
Do
Do
Do
Do
Do
Do

Stranger
Orsom 10

Horizon 32

Station Occurrence (measurement in mm.; number of specimens in paren.)

f. minor, f. major,

female female male

, 94 1.26-1.29(2)

132 1.07-1.24(17)

. 144 present 1.34-1.46(8) present.

. 153 1.15-1.25(4) 1.37(1)

. 178 1.08-1.28(21) 1.33(1)

30 1.43-1.56(14) 1.21-1.26(2)

. 31 1.19-1.31(4) 1.42-1.53(5)

. 63 1.33(1) 1.51(1)

. 34 1.16-1.28(10)

1.16-1.24(13) 1.53(1)

1.14-1.24(6) 1.30-1.46(2)

Satsuma 32 1.08-1.12(3)

Remarks: I have tentatively equated the

females of this species to two forms which

were described by Sewell, 1929. The two forms

are distinguished by size and the total and

relative lengths of the segments of the fifth

feet. Forma major is large (1.30-1.60 mm.),
and the fifth pair of feet is small (fig. 2). The

distal segment is about twice as long as the

proximal one (fig. 3). Forma minor is dis-

tinguished by its small size and its longer fifth

feet (fig. 5) . The distal and proximal segments
are about equal in length.

Tanaka (1956b) has described two types of

males of this species which differ in size and

in the structure of the fifth feet. Although rare

in the present collections, males with fifth feet

referable to Tanaka's large form were found

in the sample from the Hugh M. Smith, sta-

tion 30.

Clausocalanus furcalus (Brady, 1883)

(Plate 7, figs. 7-8)

Pacific records: Vervoort, 1946. Also, Mori, 1937;

1942; Wilson, 1942; Brodsky, 1950; Wilson, 1950;

Nakai, 1952; Anraku, 1953; Tanaka, 1953; Yamazi,

1953c; Anraku, 1954b; Tsuruta and Chiba, 1954b;

Alotoda and Anraku, 1955; Nagaya et al., 1955; Rose,

1955; Chiba, 1956; Tanaka, 1956b; Honjo et al., 1957;

Heinrich, 1958a.

Vessel :
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Vessel: Station Occurrence Vessel: Station Occurrence

Do 178 2 females, 1.10, 1.12 Horizon 32 3 females, 1.02-1.19

mm. mm.
Do 31 1 female, 1.14 mm. Satsuma 32 1 female, 1.05 mm.
Do 63 5 females, 1.00-1.17 ^i i mi • • • ,, j.- • , •.

jj^j^
Remarks : This species is easily distinguished

Stranger 34 4 females, 1.12-1.19 ^^'^^ the preceding by its short genital segment
mm. (fig. 7) and very small fifth feet (figs. 7, 8).

Family AETIDEIDAE

Euaetideus giesbrechti (Cleve, 1904)

(Plate 7, figs. 9-27)

Pacific records: Vervoort, 1957. Also, as Aetideus

giesbrechti; Johnson, 1942; Mori, 1942; Honjo, 1952;

Anraku, 1954b; 1954c; Chiba, Tsuruta, and Maeda,

1955; Motoda and Anraku, 1955; Nagaya et al., 1955;

Chiba, 1956; Honjo et al., 1957; Tanaka, 1957a; Ya-

mazi, 1958a. As Euaetideus giesbrechti; Heinrich,

1957b; 1958a; 1958b.

Vessel: Station Occurrence

Hugh M. Smith __ 94 1 female, 1.95 mm.
Do 144 1 female, 1.95 mm.
Do 29 1 female, 1.97 mm.
Do 63 2 females, 1.97 mm.

Remarks: Vervoort (1957) has recently de-

scribed a new species of Euaetideais (E. austra-

lis) as well as redescribed and figured the other

three species {E. giesbrechti, E. bradyi, E. acu-

tus) in this genus. The latter three species

were represented in the present collections and

as all three of them differ in a few details from

Vervoort's descriptions, I have included a brief

discussion and several figures of each of them.

The chief diff'erences between my specimens of

E. giesbrechti and those described by Vervoort

are listed below. The numbers in parenthesis

are those given by Vervoort.

1. Second antennae (fig. 15). Four (3) setae

on distal segment of exopod. Seven (6) setae

on outer lobe and 9 (8) setae on inner lobe of

endopod.
2. First maxillae (figs. 18-20). Second basal

segment with 4 (5) setae. Second inner lobe

with 3 (2) setae. Three (4) setae on the first

segment of the endopod. It should be pointed
out that Vervoort stated that the first maxilla

of E. giesbrechti is like that of E. australis.

The second basal segment of the first maxilla

of the latter species is shown to have 4 setae,

which agrees, in this respect, with the number
on the present specimens.

The three species found in the present col-

lections are distinguished by the shape of the

anterior margin of the head (dorsal view) ;
the

character of the rostrum; and the posterior
lateral thoracic margins. In E. giesbrechti the

forehead is evenly rounded and the rostral plate
is not visible (fig. 9). There are two small

knobs between the rostral spines (fig. 14), and
the posterior lateral thoracic margins have a

characteristic shape (fig. 12). This species is

also larger (1.9.5-2.00) than the other two.

Euaetideus aciiliis (Farran, 1929)

(Plate 8, figs. 1-2)

Pacific records: Vervoort, 1957. Also, as Aetideus

acutus; Tanaka, 1957a.

Vessel: Station Occurrence

Hugh M. Smith __ 94 5 females, 1.65-1.70

mm.
Do 132 2 females, 1.65, 1.70

mm.
Do 144 3 females, 1.70 mm.
Do 153 1 female, 1.70 mm.
Do 178 9 females, 1.5.5-1.65

mm.
Do 30 1 female, 1.61 mm.
Do 31 2 females, 1.55, 1.65

mm.
Do 63 1 female, 1.60 mm.

Stranger 34 1 female, 1.60 mm.

Remarks : Certain differences were noted in

the second antennae and first maxillae of the

present specimens and the descriptions and

figures of these appendages given by Vervoort.

These differences are summarized below:

1. Second antennae. Same as that described

for E. giesbrechti. Vervoort shows 3 setae on

the terminal segment of the exopod and 6 setae

on the outer lobe and 8 setae on the inner lobe

of the endopod.
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SCALES

0.5mm
FIGS. 5,18,19

FIG. 20

FIG. 8

FIGS. 1-4

FIG. 14

FIG. 9

FIGS. 6,7,10-13,15-19

18. 19.

Plate 8.— (1) Euaetideus acutus, female, forehead, dorsal view; (2) fourth and fifth thoracic segments, lateral

view; (3) E. bradyi, female, forehead, lateral view; (4) fourth and fifth thoracic segments, lateral view; (5)

Chiridius poppei, female, lateral view; (fi) forehead, ventral view; (7) posterior part of thorax and abdomen,
dorsal view; (8) Gaetanus miles, female, lateral view; (9) posterior part of thorax and abdomen, dorsal view;

(10) first basipoda! segment of maxilliped; (11) first foot; (12) fourth foot; (13) stage V, male, fifth pair of feet;

(14) Gaetanus minor, female, lateral view; (lo) posterior part of thorax and abdomen, dorsal view; (16) second

foot; (17) first basipodal segment of fourth foot; (18) stage V, male, lateral view; (19) dorsal view; (20) fifth

pair of feet.
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2. First maxillae. Same as that described

for E. gieshrechti. Vervoort shows 5 setae on

the second basal segment, 2 setae on the second

inner lobe and 4 setae on the first segment of

the endopod.
E. acutus may be identified by the large ros-

tral plate which is visible in dorsal view (fig.

1) and the character of the posterior lateral

thoracic margins (fig. 2).

Euaetideus bradyi (A. Scott, 1909)

(Plate 8, figs. 3-4)

Pacific records: Vervoort, 1957; Also, as Aetideus

bradyi; Tanaka, 1957a.

Vessel : Station Occurrence

Hugh M. Smith __ 94 12 females, 1.60-1.65

mm.
Do 144 3 females, 1.65 mm.
Do 63 1 female, 1.70 mm.

Remarks: The second antennae differ from

that figured by Vervoort in the manner de-

scribed above for E. gieshrechti. The first

maxilla of the present specimens has 4 setae on

the basal segment and 3 setae on the second

inner lobe. Vervoort showed 5 and 2 setae, re-

spectively, on these parts of the maxilla. The

anterior margin of the head of this species ap-

pears to be pitted similar to that of the preced-

ing two species.

E. bradyi is distinguished from the above two

species by the absence of knobs between the

rostral spines and the character of the posterior

lateral thoracic margins (fig. 4). In lateral

view, a short hair is visible just dorsad of the

base of the rostrum. I have not observed this

hair in the other two species.

Chiridius poppei Giesbrecht, 1892

(Plate 8, figs. 5-7)

Pacific records: Scott, 1909; Farran, 1929; Tanaka,

1987; Wilson, 1942; Brodsky, 1950; Tanaka, 1953;

1957a.

Vessel : Station Occurrence

Hugh M. Smith __ 94 2 females, 1.59, 1.83

mm.
Do 63 1 female, 1.70 mm.

Remarks: This species was found in two

samples collected in the eastern Pacific. Ver-

voort (1957) suggested that C. poppei and C.

gracilis Farran, 1905 may represent different

size groups of the same species. He has also

indicated how the two forms differ.

Gaetanus miles Giesbrecht, 1888

(Plate 8, figs. 8-13)

Pacific records: Scott, 1909; Farran, 1936; Wilson,

1942; Brodsky, 1950; Tanaka, 1953; 1957b. As G. se-

cundus Esterly, 1911; Johnson, 1942.

Vessel : Station Occurrence

Hugh M. Smith __ 29 2 females, 3.40, 3.50

mm.
Do 63 2 females, 3.52 mm.;

1 male (stage

V), 2.89 mm.

Remarks : The female of this species is easily

recognized by the elongate antennae which ex-

ceed the furca by the last 9 segments. Accom-

panying the females in the collection from

Smith 63 was an immature male (stage V)
which is apparently referable to this species.

The fifth feet are shown in figure 13. The

adult male is undescribed, although Esterly

(1911) mentions that he has observed this sex,

presumably in company with the females of his

G. secundus (
= G. miles).

Gaetanus minor Farran, 1905

(Plate 8, figs. 14-20)

Pacific records: Vervoort, 1957. Also, Anraku,

1954b; 1954c; Tanaka, 1957b; Heinrich, 1958b.

Vessel : Station Occurrence

Hugh M. Smith __ 29 2 females, 2.18 mm.
Do 63 2 females, 2.15, 2.24

mm.; 1 male

(stage V), 1.87

mm.
Horizon 32 1 female, 2.00 mm.

Remarks : The female is distinguished from

G. miles by the short antennae and the pres-

ence of numerous small spines (fig. 17) on the

first basipodal segment of the fourth feet. Rose

(1933) states that the endopods of the second

feet are composed of 2 segments. These endo-

pods of the present specimens, as well as the

one figured by Scott (1909), consist of only 1

segment (fig. 16). Associated with the females

in the collection from Smith 63 was a juvenile
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PLATE 9.

SCALES

0.05 mm
1 FIGS. 13,25

FIGS. 1.2,14,15,20,21

FIGS. 3,4,10,11

FIG. 18

FIGS. 7-9,12,16,17,19.22,24

FIGS. 5,6,23

Plate 9.— (1) Euchirella bella, female, dorsal view; (2) lateral view; (3) posterior part of thorax and

abdomen, dorsal view; (4) posterior part of thorax and abdomen, lateral view; (5) endopod of second antenna;

(6) first foot; (7) second foot; (8) third foot; (9) fourth foot; (10) male, dorsal view; (11) lateral view;

(12) fifth pair of feet; (13) terminal part of left fifth foot; (14) E. vemista, female, dorsal view; (15) lateral

view; (16) abdomen, dorsal view; (17) abdomen, lateral view; (18) endopod of second antenna; (19) fourth

foot; (20) male, dorsal view; (21) lateral view; (22) abdomen, dorsal view; (23) second antenna; (24) fifth pair
of feet; (25) terminal part of left fifth foot.
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male (stage V), which is apparently referable

to this species (figs. 18-20). The male of this

species has been hitherto unknown.

Emhirella bella Giesbrecht, 1888

(Plate 9, figs. 1-13)

Pacific records: Vervoort, 1949; Wilson, 1950.

Vessel : Station Occurrence

Hugh M. Smith __ 153 2 females, 3.90, 4.18

mm. ;
1 male, 3.33

mm.
Do 31 2 females, 3.80 mm.;

1 male, 3.36 mm.
Do 63 1 female, 3.80 mm.

Stranger 34 1 female, 3.80 mm.

Remarks: The species of female Euchirella

are distinguished by the shape of the genital

segment, number of setae on the endopod of the

second antennae and the spination of the first

basipodal segment of the fourth pair of feet.

The males are identified by the structure of the

fifth feet. The genital segment of E. bella is

nearly symmetrical in dorsal view (figs. 1, 3)

and is produced in ventral view (figs. 2, 4).

The second segment of the endopod of the sec-

ond antennae in the specimens examined has 5

setae on the outer and 5 setae on the inner lobe

(fig. 5). Giesbrecht and Schmeil (1898) state

that there are 6 and 5 setae on these respective

lobes. The males in the present collections have

6 setae on the external lobe and 7 on the in-

ternal lobe, the 2 most internal ones being very

small and slender. Vervoort (1949) indicated

that there were 6 setae on each lobe. The num-

ber of spines on the first basipodal segment of

the fourth feet is variable. Some specimens
have 5 on each side and others have 4 on one

side and 3 on the other (fig. 9). Scott (1909)

and Sewell (1947) have also noted a variable

number of spines on this segment.
Wilson (1950) has erroneously synonymized

E. amoena with this species. See discussion of

this under E. amoena below.

Euchirella veniisia Giesbrecht, 1888

(Plate 9, figs. 14-25)

Pacific records: Scott, 1909; Farran, 1929; Ver-

voort, 1949; Wilson, 1950; Tanaka, 19.53; 1957b.

Vessel :
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PLATE 10.

SCALES

0.1 mm
FIGS. 13,14

FIG. 9

FIGS. 1,2,8,11,12

FIG. 3

FIGS. 4,10

FIGS. 5-7,15

Plate 10.— (1) Euchirella pulchra, female, lateral view; (2) dorsal view; (3) endopod of second antenna;

(4) fourth foot; (5) E. amoena, female, second antenna; (6) mandible: (7) first basipodal segnnent of fourth

foot; (8) male, dorsal view; (9) lateral view; (10) fifth pair of feet; (11) E. curticaitda, female, dorsal view;

(12) lateral view; (13) endopod of second antenna; (14) first basipodal segment of fourth foot; (15) E. maxima,

stage V, male, fifth pair of feet.
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Pacific records: Esterly, 1905; Scott, 1909; Farran,

1929; Mori, 1937; Wilson, 1942; Brodsky, 1950; Wilson,

1950; Tanaka, 1953; Chiba, Tsuruta, and Maeda, 1955;

Nagaya et al., 1955; Chiba, 1956; Tanaka, 1957b;

Yamazi, 1958a.

Vessel : Station Occurrence

Hugh M. Smith __ 132 1 male, 3.20 mm.
Do 144 1 female, 3.70 mm.
Do 153 2 females, 3.61, 3.70

mm.; 3 males,
3.33 mm.

Do 178 1 female, 3.80 mm.
 

Do 63 1 male, 3.33 mm.

Remarks: Fleminger (1956) is no doubt cor-

rect in placing Sars' (1905) brevis (described
from female) in synonymy with Giesbrecht's

(1888) amoena (described from male). This

synonymy is further substantiated by Mori's

(1937) description of the female of amoena.

Although Mori did not describe the fourth pair
of feet, the total length, abdomen-cephalothorax

ratio, length of the first antennae, length of the

endopod of the second antennae and the num-
ber of setae on the distal segment of the endo-

pod of the second antennae clearly establish

that Mori's E. amoena and Sars' E. brevis are

unispecific.

As Fleminger has stated, Wilson's synonymy
of E. amoena under E. bella is an error. The
male of E. bella was described by Sewell (1947)

and Vervoort (1949) ; neither author was cited

by Wilson. It should be noted, however, that

Dr. Wilson's paper was published nine years

after his death.

Euchirella curticauda Giesbrecht, 1888

(Plate 10, figs. 11-14)

Pacific records: Esterly, 1906; Scott, 1909; Johnson,

1942; Mori, 1942; Wilson, 1942; Davis, 1949; Brodsky,

1950; Wilson, 1950; Anraku, 1952; Tanaka, 1953;
1957b.

Vessel :

Orsom
Station Occurrence

-_ 10 2 females, 3.52, 3.62

mm.

Remarks: This species is recognized by the

presence of a crest, absence of a rostrum (fig.

12) and the presence of a comb of spines on
the first basipodal segment of the fourth pair
of feet (fig. 14).

Euchirella maxima Wolfenden, 1905

(Plate 10, fig. 15)

Pacific records: Scott, 1909; Wilson, 1950.

Vessel: Station Occurrence

Hugh M. Smith __ 29 1 female (stage V),
5.79 mm.; 1 male

(stage V), 5.70

m.m.

Remarks : A male and female were obtained

in the 500 m. collection made at the above sta-

tion. Both sexes have a crest on the forehead.

Sewell (1929) has described the stage V indi-

viduals of this species.

Pseudochirella sp.

Vessel : Station Occurrence

Hugh M. Smith __ 29 4 juveniles, 6.93-7.14

mm.

Remarks: These large juvenile copepods
could not be assigned to a species. They were
obtained from the 500-meter plankton tow.

Chirundina streetsi Giesbrecht, 1895

(Plate 11, figs. 1-4)

Pacific records: Esterly, 1906; Scott, 1909; Farran,

1929; Johnson, 1942; Brodsky, 1950; Wilson, 1950;

Tanaka, 1953; 1957b.

Vessel :

Horizon

Station Occurrence

__ 32 1 female, 4.94 mm.

Remarks : This species is distinguished from

the following one by its large size, pronounced
crest on forehead (fig. 1), and the presence of

2 spines on the first exopodal segment of the

first feet (fig. 4).

Chirundina indica Sewell, 1929

(Plate 11, figs. 5-20)

Pacific records : None.

Vessel : Station

Hugh M. Smith __ 63 __.

Occurrence

1 female, 4.66 mm.

Remarks: I have compared in some detail

(figs. 5-20) the present species with the de-

scriptions of C. indica provided by Sewell

(1929, 1947). On the basis of his description

the latter species is distinguished from C.
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PLATE
SCALES

1 FIG. 13

FIG. II

FIGS. 1-8

FIGS. 9,15,16,18-20

FIGS. 10,12,14.17

Plate 11.— (l)ChirHn(lina streetsi, female, forehead, lateral view; (2) posterior part of thorax and abdomen,

dorsal view; (3) abdomen, lateral view; (4) first foot; (5) C. indica, forehead, lateral view; ((!) posterior part of

thorax and abdomen, dorsal view; (7) posterior part of thorax and abdomen, ventral view; (8) posterior part of

thorax and abdomen, lateral view; (9) second antenna; (10) mandible palpus; (11) gnathal lobe of mandible;

(12) first maxilla; (13) terminal part of third inner lobe of first maxilla; (14) second maxilla; (15) first basipodal

segment of maxilliped; (16) distal part of maxilliped; (17) first foot; (18) second pair of feet (one exopod and

one endopod missing); (19) third foot; (20) fourth foot (distal part of exopod missing).
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PLATE 12.

SCALES

I

Q-QS^"^
 FIG. 9

I

Q-^^"'
I FIGS. 15-18

FIGS. 5,6

FIGS. 7,12

FIGS. 1-4,8,10,11,13-18

Plate 12.— (1) Undeuchaeta plumosa, female, genital segment, dorsal view; (2) ventral view; (3) posterior

part of thorax and abdomen, left side; (4) posterior part of thorax and abdomen, right side; (5) male, dorsal view;

(6) lateral view; (7) forehead, lateral view; (8) second antenna; (9) first maxilla (part); (10) maxilliped

(setae on distal part omitted); (11) first foot; (12) fifth pair of feet; (13) terminal part of left fifth foot;

(14) right fifth foot (part); (15) U. intermedia, female, dorsal view; (16) abdomen, ventral view; (17) genital

seg-ment, left side; (18) genital segment, right side.
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streetsi by its low crest, the smoothly rounded

posterior thoracic margins and the presence of

but 1 external spine on the first exopodal seg-

ment of the first feet. Except for the posterior

thoracic margins, which have 1 small projec-

tion (figs. 7-9), my specimen agrees with

Sewell's ivdica. In details of the mouth parts,

two minor differences were noted. Sewell's

specimens have 6 setae on the outer lobe of the

second antenna, while the present specimen has

7 (fig. 10) ; the exopod of the mandible has 9

setae (Sewell probably referred to the distal

segment) ;
the present specimen has 10, one of

which is extremely small (fig. 11).

The projections on the posterior thoracic

margins may be a variable character as Ver-

voort (1957) has observed in several species of

a related genus, Undeuchaeta. It seems best

therefore to refer the present species to C. in-

dica.

Undeuchaeta plumosa (Lubbock, 1856)

(Plate 12, figs. 1-14)

Pacific records: Vervoort, 1957. Also, Brodsky, 1950;

Heinrich, 1957b; Tanaka, 1957b.

Vessel: Station Occurrence

Hurjh M. Smith __ 63 1 male, 3.52 mm.
Horizon 32 1 female, 3.47 mm.
Satsiima 32 1 female, 3.41 mm.

Remarks : The female is distinguished by the

presence of a spine on the right side of the

genital segment (figs. 1, 2) near the dorsal

surface, and the male by the structure of the

fifth feet (figs. 12-14).

Undeuchaeta intermedia A. Scott, 1909

(PLATK 12, FIGS. 15-18)

Pacific records: Vervoort, 1957. Also, Johnson,

1942; Brodsky, 1950 (as U. bispinosa)

Vessel: Station Occurrence

Hugh M. Smith __ 63 4 females, 3.99-4.28

mm.
Horizon 32 3 females, 3.99-4.08

mm.

Remarks: The large ventral spine-like pro-

trusion of the genital segment in the female

(figs. 17, 18) distinguishes this species from

the preceding one.

Family EUCHAETIDAE

Euchaeta marina (Prestandrea, 1833)

(Plate 13, fig. 1)

Pacific records: Scott, 1909; Marukawa, 1921; Ya-

mada, 1933b; Mori, 1937; Dakin and Colefax, 1940;

Mori, 1942; Wilson, 1942; Brodsky, 1950; Motoda,

lizuka, and Anraku, 1950; Wilson, 1950; Anraku, 1952;

Honjo, 1952; Nakai, 1952; Anraku, 1953; Chiba, 1953b;

Tanaka, 1953; Anraku, 1954b; Tsuruta and Chiba,

1954b; Chiba, Tsuruta, and Maeda, 1955; Motoda and

Anraku, 1955; Nagaya et al., 1955; Rose, 1955; Chiba,

1956; Heinrich, 1957b; Honjo et al., 1957; Gilmartin,

1958; Heinrich, 1958a; Tanaka, 1958; Yamazi, 1958a;

Lindberg, 1959.

Vessel : Station Occurrence

Hugh M. Smith __ 132 1 male, 3.12 mm.
Do 144 1 female, 3.61 mm.
Do 153 2 females, 3.32, 3.42

mm.
Do 178 1 female, 3.06 mm.
Do 30 3 females, 2.96-3.06

mm. ;1 male, 2.99

mm.
Do 31 present.

Vessel: Station Occurrence

Do 63 4 females, 3.40-3.60

mm.; 1 male, 3.37

mm.
Stranger 34 4 females, 3.13-3.26

mm.; 5 males,
3.06-3.23 mm.

Orsom 10 3 females, 3.13-3.23

mm.
Horizon 32 2 females, 3.13, 3.23

mm.

Remarks: This is probably the most wide-

spread species in the genus. It occurred in ten

of the present samples and in two {Smith 153

and 30), it comprised a fairly significant per-

centage of the total number of copepods.

Euchaeta wolfendeni A. Scott, 1909

(Plate 13, figs. 2-9)

Pacific records: Farran, 1936; Mori, 1937; Wilson,

1950; Honjo, 1952; Tanaka, 1953; Tsuruta and Chiba,

1954b; Chiba, Tsuruta, and Ma^da, 1955; Nagaya et
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al., 1955; Chiba, 1956; Honjo et al., 1957; Tanaka,

1958; Yamazi, 1958a.

Vessel: Station Occurrence

Hugh M. Smith __ 132 1 female, 2.50 mm.
Do 63 1 female, 2.52 mm.

Stranger 34 3 females, 2.24-2.38

mm.
;
2 males,

2.21, 2.35 mm.
Horizon 32 1 female, 2.55 mm.;

3 males, 2.31-2.44

mm.
Satsuma 32 2 females, 2.38, 2.40

mm.; 1 male, 2.31

mm.

Remarks: The female is distinguished by
the long genital segment, the right posterior

margin of which is produced into a rounded

knob (fig. 2). The relative lengths of the

outer-edge spines on the second and third exo-

podal segments of the second feet (fig. 4) are

also diagnostic (cf. E. vmnna, plate 13, fig. 1).

The male is identified by the structure of the

terminal part of the left fifth foot (fig. 9).

Euchaeta media Giesbrecht, 1888

(Plate 13, figs. 10-14)

Pacific records: Vervoort, 1957. Also, Johnson,

1942; Brodsky, 1950; Tsuruta and Chiba, 19.54b; Chiba,

Tsuruta, and Maeda, 1955; Nagaya et al., 1955; Hein-

rich, 1957b; Honjo et al., 1957; Tanaka, 1958.

Vessel : Station Occurrence

Hugh M. Smith __ 63 1 female, 3.52 mm.

Remarks : The female of E. media is recog-

nized by the characteristic swelling on the left

side and the knob-like protrusion on the right

side of the genital segment (figs. 10, 11). The

middle spine on the outer edge of the third

exopodal segment of the second pair of feet is

elongate and the spine on the second exopodal

segment reaches beyond the base of the proxi-

mal spine on the third segment (fig. 14).

Euchaeta tenuis Esterly, 1906

(Plate 13, figs. 15-20)

Pacific records: Esterly, 1906; Scott, 1909; Brodsky,

19.50. As E. solida, Esterly, 1911.

Vessel : Statioyi Occurrence

Hugh M. Smith — 29 4 females, 5.60-5.98

mm. ; 3 males,

5.03-5.22 mm.

Vessel :

Do

Do

Station Occurrence

-- 63 1 female, 5.13 mm.;
1 male, 4.75 mm.

__ 32 present.

Remarks: The large and asymmetrical ven-

tral protrusions (figs. 16, 17) of the female

genital segment will identify this species. The

outer-edge spines of the second pair of feet

(fig. 18) are also diagnostic. In the male the

structure of the second segment of the left fifth

foot (figs. 19, 20) is characteristic. It is di-

lated and coarsely serrate.

Euchaeta concinna Dana, 1849

(Plate 14, figs. 1-13)

Synonymy :

Euchaeta consimilis Farran, 1936, Great Barrier

Reef Exped. 1928-29. Sci. Kept. 5(3): 90.

Pacific records: Scott, 1909; Farran, 1936; Mori,

1937; Dakin and Colefax, 1940; Wilson, 1950; Tanaka,

1953; Rose, 1955; Honjo et al., 1957; Heinrich, 1958b;

Tanaka, 1958. As E. consimilis; Farran, 1936; Rose,
1955.

Vessel :

Satsuma
Station

._ 32 _..

Occurrence

3 females, 2.52-2.55

mm.; 1 male, 2.24

mm.

Remarks: Farran (1936) described E. con-

similis from 4 female specimens collected near

the Great Barrier Reef. He also found E. con-

cinna in his collections, but this species was
observed only inside the reef where it was one

of the most characteristic of the copepods. Ac-

cording to Farran, consimilis differs, morpho-

logically, from concinna in the form of the pro-

trusion on the right side of the genital segment
in the female (see Farran's fig. 6) and in size.

As Farran pointed out, Sewell (1929) observed

"a considerable degree of variation" in the form
of the genital protrusion in concinna collected

in the Indian Ocean. The latter author sug-

gested that this variation may be correlated

with egg laying which causes the protrusion to

increase in size.

The size of specimens, as recorded in the

literature is also variable.

Source: Female

Mori, 1937 (Japan) 3.0 mm.
Tanaka, 1958 (Japan) 2.87-3.25

mm.

Male,
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PLATE 14.

SCALES

^ FIGS. 10,11,17,18

FIGS. 13,19,20

^ FIGS. 1,2,14,15,21,22

FIGS. 3-9,12,16,23

Plate 14.— (1) Euchaeta concinna, female, dorsal view; (2) lateral view; (3) posterior part of thorax and

genital segment, left side; (4) posterior part of thorax and genital segment, right side; (5) genital segment,
ventral side; (6) firstfoot; (7) second foot; (8) third foot; (9) fourth foot; (10) male, dorsal view; (11) lateral

view; (12) second foot; (13) terminal part of left fifth foot; (14) E. longicornis, female, dorsal view; (15) lateral

view; (16) second foot; (17) male, dorsal view; (18) lateral view; (19) exopod of second foot; (20) terminal part
of left fifth foot; (21) E. spinosa, female, posterior part of thorax and abdomen, dorsal view; (22) lateral view;

(28) second and third segments of exopod of second foot.
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Vessel: Station Occurrence

Giesbrecht and Schmeil,

1898 (tropical Pacific) ___ 3.3 mm. 2.75 mm.

Heinrich, 19o8b (tropical

Pacific) 2.5 mm.

Farran, 1936 (inside Barrier

Reef) 3.25-3.40 2.54-2.76

mm. mm.

Farran, 1936 (outside Bar-

rier Reef) 2.36-2.67

mm.
Dakin and Colefax, 1940

(Australia) 3.75 mm. 2.6 mm.

Sewell, 1929 (Indian Ocean) 2.5-3.5 2.4-3.0

mm. mm.

Wolfenden, 1905 (Indian

Ocean) 2.75-3.0

mm.

In view of the wide size range in both sexes

and the variable nature of the genital segment
in the female, it seems best to consider E. con-

similis as a synonym of E. concinna.

Euchaeta longicornis Giesbrecht, 1888

(Plate 14, figs. 14-20)

Pacific records: Scott, 1909; Farran, 1929; 1936;

Mori, 1937; Wilson, 1950; Honjo, 1952; Nakai, 1952;

Tanaka, 1953; Anraku, 1954b; Chiba, Tsuruta, and

JIaeda, 1955; Nagaya et al., 1955; Honjo et al., 1957;

Tanaka, 1958.

Vessel : Station Occurrence

Hugh M. Smith __ 94 3 females, 2.88 mm.
'

Do 132 8 females, 2.65-2.92

mm.; 1 male, 2.65

mm.

Remarks : The female genital segment has a

large protrusion on the right side from which

arises a smaller spine-like process.

Wilson (1950) described the male sex of this

species. I have compared my single male spe-

cimen (except the body, which was destroyed

in dissection) to one identified by G. 0. Sars

and loaned to me by the U.S. National Museum.

The two are unispecific. In the Museum speci-

men a small spine is present on the superior-

lateral margins of the fifth thoracic segment as

is also found on the male of E. wolfendeni (see

plate 13, fig. 7). I probably overlooked these

spines in my specimen and therefore they are

not shown in the figure given of the male (fig.

18).

Euchaeta spinosa Giesbrecht, 1892

(Plate 14, figs. 21-23)

Pacific records: Esterly, 1905; Johnson, 1942; Brod-

sky, 1950; Wilson, 1950; Tanaka, 1953; 1958. As male

of Undeicchaeta major; Esterly, 1905.

Vessel : Station

Hugh M. S7nith __ 29 __.

Occtirrence

1 female, 6.94 mm.

Remarks: The ventral projections of the

genital segment (fig. 22) are visible in dorsal

view. The middle spine on the outer margin
of the third exopodal segment of the second

feet is greatly elongate, and the spine on the

second exopodal segment surpasses the tip of

the first spine on the third segment (fig. 23).

Family PHAENNIDAE

Phaenna spinifera Glaus, 1863 Remarks : The globular thorax, small ab-

(Plate 15, FIG. 1)
domen, and lack of fifth feet (in the female)

make this species easily recognized. Vervoort
Pacific records: Scott, 1909; Farran, 1929; Mori,

ng-^Q) placed Wilson's Onclwcalanus nudipes
1937; Wilson, 1942; 1950; Tanaka, 19.53; Anraku, ^

'
. „,•„,-/„..„

1954b; 1954c; Tsuruta and Chiba, 1954b; Chiba, Tsu- m synonymy with Phaenna spinifera.

ruta, and Maeda, 1955; Motoda and Anraku, 1955;

Xagaya et al., 1955; Chiba, 1956; Honjo et al., 1957; Xanlhocalanus dilatus n. sp.

Vamazi, 19.'i8a. As Onchocalanus nudipes; Wilson,
fPL4TE 15 KIC! ''-ID

1942.

Vessel: Station Occurrence

^"^'t'- , „ c •
,

^
n'""

Occurrence
^^ ^^^^.^^^ _ ^^^ _ ,, j^^^,^^^ ^ 5^^ ^ g^

Hur/h M. Smith — 94 present.
 

Do 132 3 females, 1.87-1.90

mm. Description : The head and first thoracic seg-
Do 31 __-_ 1 female, 1.60 mm.

^^^^^ ^^^^ iom'th and fifth thoracic segments

o..s.„!r.::::::::: S :::: ilemaie, 1.87 mm. are separate (figs. 2, 3). The posterior lateral

Horizon 32 present. margins of the first thoracic segment are dis-
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PLATE 15.

SCALES

^ FIGS. 4,5,11,17,22

< FIGS. 1-3,12,13

FIGS. 6,15.16,18.21

FIGS. 7-10

FIGS. 14.19,20

Plate 15.— (1) Pbaenna spinifera, female, dorsal view; (2) Xanthocalanus dilatus n.sp., female, dorsal view;

(3) lateral view; (4) rostrum; (5) first maxilla, (6) terminal part of second maxilla; (7) first foot; (8) second

foot; (9) third foot; (10) fourth foot (distal two segments of exopod missing) ; (11) fifth pair of feet (figs. 2-6

and 11 of holotype, figs. 7-10 of paratype) ; (12) Amallophora smithae n. sp., female, dorsal view; (13) lateral

view; (14) rostrum; (15) mandible; (16) first maxilla; (17) terminal part of second maxilla; (18) first foot;

(19) second foot; (20) third foot; (21) fourth foot; (22) fifth foot (figs. 12-22 of holotype).
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tended and there is a distinct dilation on the

dorsal surface of the head. The rostrum is

straight and club-like (fig. 4).

The first antennae of both specimens are

broken off near the proximal end. Although

somewhat mutilated, the second antennae ap-

pear to have 1 seta on the first segment of the

endopod. The second segment of the endopod

has 14 setae on the distal margin (8 on the in-

ner lobe and 6 on the outer lobe) . The exopod

has a total of 6 setae but some may be missing

from the various segments.
The mandible has 3 setae on the basipod, 11

setae on the endopod and 6 on the exopod.

The first maxilla (fig. 5) has the following

number of setae: 9 on the external lobe, 7 on

the exopod, 9 on the endopod, 5 on the second

basal segment, 2 on the second internal lobe and

3 on the third internal lobe.

The terminal part of the second maxilla (fig.

6) has 6 sensory organs and 1 worm-like ap-

pendage.
The exopods of the first 4 pairs of feet are

3-segmented (figs. 7-10), although the second

and third exopodal segments of the fourth pair

are broken off. The endopod of the first foot

consists of 1 segment, of the second foot of 2

segments and of the third and fourth feet of 3

segments. The endopodal segments of the sec-

ond and third feet have numerous spines aris-

ing from their posterior surfaces. A row of

spines is present at the junction of the first and

second basipodal segments, on the posterior

side, of the third and fourth feet. The fifth

foot (fig. 11) consists of 3 segments, all of

which are furnished with either marginal or

surface spines.

Remarks : This species differs from other de-

scribed Xanthocalanus in (1) the dilations of

the dorsal surface of the head and lateral mar-

gins of the first thoracic segment, (2) the

spines on the basipodal segments of the third

and fourth feet, and (3) the details of the fifth

pair of feet. The fifth pair of feet closely re-

semble those of X. agilis Giesbrecht but agilis

lacks the characteristic dilations of the head

and first thoracic segment of the present spe-

cies. In addition. A', ac/ilis is a larger species

(2.40 mm.). The presence of spines on the

basipodal segments may also be found in other

species of Xanthocalanus. Figures of these

segments are available for only a few species.

The name proposed for this species is derived

from the Latin word "dilato" and refers to the

characteristic protrusions on the head and first

thoracic segment. The holotype (U.S.N.M. No.

104, 420) and 1 paratype (No. 104, 421) have

been deposited in the U.S. National Museum.

Amallophoru smilhae n. sp.

(Plate 15, figs. 12-22)

Vessel: Station

Hugh M. Smith — 144 __

Occurrence

1 female, 1.40 mm.

Description: The head and first thoracic

segments and the fourth and fifth thoracic seg-

ments are fused (fig. 12). In lateral view the

posterior margin of the cephalothorax has a

small indentation (fig. 13).

The first antennae are short and do not reach

the end of the cephalothorax. Each antenna

consists of 23 segments.
The endopod of the second antenna is slightly

less than three-fourths the length of the exo-

pod. Endopodal segment 1 has 2 setae. Seg-

ment 2 has 8 setae on the inner lobe and 7 setae

on the outer lobe. The exopod has 8 setae all

of which are densely plumose.
The basal segment of the mandibular palpus

has 2 setae (fig. 15). There are 9 setae on the

distal segment of the endopod and 1 seta on the

proximal segment. The exopod has a total of

6 setae.

The first maxilla (fig. 16) has the following

number of setae: 11 on the first inner lobe, 2

on the second inner lobe, 4 on the third inner

lobe, 5 on the second basal segment, 9 on the

endopod, 8 on the exopod and 9 on the external

lobe. Two groups of small spines are present

on the surface of the endopod.
The terminal part of the second maxilla (fig.

17) has 1 enlarged sensory organ, 4 smaller

sensory organs and 3 worm-like appendages.
The first and second basal segments of the

maxilliped have 7 and 5 setae, respectively. The

r, endopodal segments have the following num-

ber of setae: 4, 4, 3, 3 (plus 1 external seta),

and 4.

The first pair of feet have 3-segmented exo-

pods and 1-segmented endopods (fig. 18). The
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second pair of feet have exopods composed of

3 segments and endopods of 2 segments while

the succeeding 2 pairs of feet each have 3-seg-

mented exopods and endopods (figs. 19-21).
The terminal spine of the second, third, and

fourth pair of feet is characterized by an outer

serrate margin and an inner row of small per-

forations. The endopods of the second and
third feet have large spines arising from their

surfaces. Numerous smaller spines are pres-

ent on the 2 distal exopodal segments of the

second and third feet. The fourth feet have

a reduced number of spines.

The fifth feet (fig. 22) are small and consist

of 2 segments. There is a stout and finely

toothed spine arising from the distal segment.
Remarks: This species is closely related to

A. vorax (Esterly, 1911). It differs from Es-

terly's species in the segmentation of the cepha-

lothorax, cephalothorax-abdomen ratio, and the

structure of the fifth feet. The fourth and

fifth thoracic segments are separate in A. vorax

but fused in A. smithae. Davis (1949) also

reported that these segments in his specimen of

A. vorax were fused. The cephalothorax is 6%

times longer than the abdomen in A. vorax

according to Esterly; in the present species it

is approximately 4 times the length of the ab-

domen. Davis stated that the abdomen of his

specimen was longer than that reported by

Esterly. In A. vorax there are two spines on

the distal segment of the fifth feet. In A.

smithae there is one robust spine.

Vervoort (1957) has discussed the genus
Amallophora and pointed out difi:erences be-

tween it and the genus Xanthocalanus. The
structures of the maxillae and fifth feet appear
to exclude the present species from the genus
Xanthocalamis although the articulated rostral

filaments are unlike those found in Amallo-

phora. If Brodsky (19.50) is correct in assign-

ing Esterly's species (described as Scolecithrix

vorax) to the genus Amallothrix then perhaps
the present species should also be placed in this

genus. Until the Xanthocalanus-Amallothrix-

AmaUophora complex is revised, I am referring
the present species to the genus Amallophora.
The species is named for the research vessel

Hugh M. Smith. The holotype is deposited in

the U.S. National Museum (No. 104, 422).

Family SCOLECITHRICIDAE

Scolecithrix danae (Lubbock, 1856)

Pacific records: Esterly, 1905; Scott, 1909; Farran,

1929; Yamada, 1933; Farran, 1936; Mori, 1937; Dakin

and Colefax, 1940; Johnson, 1942; Mori, 1942; Wilson,

1942; 1950; Anraku, 1952; Honjo, 1952; Nakai, 1952

Tanaka, 1953; Anraku, 1954b; Johnson, 1954; Tsuruta

and Chiba, 1954b; Chiba, Tsuruta, and Maeda, 1955

Hida and King, 1955; Motoda and Anraku, 1955; Na

gaya et al., 1955; Chiba, 1956; Honjo et aL, 1957

Heinrich, 1958a; Yamazi, 1958a.

Vessel :

Hugh M. Smith __ 132

Do
Do
Do
Do
Do

Do _

Da _

Stranger

Station
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PLATE 16.

SCALES

,

005mm
, p|g2_ 7i3_|4_ie^20

I

0.5 mm
^ pigg 1,2,4,6.8,9,16.17

. O.lmm^ FIGS. 3.5.19

FIGS. 10-12.15

Plate 16.— (1) Scolecithrix bradyi. female, dorsal view; (2) lateral view; (3) posterior part of thora.x and

abdomen, ventral view; (4) male, lateral view; (5) fifth pair of feet; (6) ScolecithriceUn ctenopin^, female, }uvem\e,

dorsal view; (7) fifth pair of feet; (8) adult, dorsal view; (9) lateral view; (10) posterior part of thora.x and

abdomen, dorsal view; (11) leftside; (12) right side; (13) rostrum; (14) fifth pair of feet; (15) male, fifth pair

of feet; (16) S. abyssalis, female, dorsal view; (17) lateral view; (18) terminal part of second maxilla; (19) sec-

ond foot; (20) fifth pair of feet.
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Vessel :
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PLATE 17.

SCALES

< FIGS. 3,4,8,11-1721

Plate 17.— (1) Scolecithricella vittata, female, dorsal view; (2) lateral view; (3) rostrum; (4) fifth foot;

(.5) second foot; (6) third foot; (7) fourth pair of feet (one exopod and one endopod missing); (8) fifth foot;

(9) S. tenuiserrata, female, dorsal view; (10) lateral view; (11) rostrum; (12) second antenna; (13) mandible;

(14) first maxilla; (15) terminal part of second maxilla; (16) maxilliped (setae on endopod not shown) ; (17) first

foot; (18) second foot (setae not shown) ; (19) third foot (setae not shown) ; (20) fourth foot (setae not shown) ;

(21) fifth pair of feet.
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PLATE 18.

SCALES

< FIGS. 1,4,5,9,12-14,17,18

Plate 18.— (1) Scolecithricella tenuiserrata, male, fifth pair of feet; (2) S. marginata, female, dorsal view;

(3) lateral view; (4) rostrum; (5) first foot; (6) second foot; (7) third foot; (8) fourth foot; (9) fifth pair of

feet; (10) Scolecithricella tropica n. sp., female, dorsal view; (11) lateral view; (12) rostrum; (13) first maxilla;

(14) terminal part of second maxilla; (15) first foot; (16) second foot; (17) fifth pair of feet; (18) fifth pair

of feet, abnormal (figs. 10-18 of paratype).
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Vessel: Station Occurrence

Hugh M. Smith _. 144 1 female, 1.08 mm.;
1 male, 1.17 mm.

Do 178 4 females, 1.05-1.10

mm.; 4 males,
1.0-1.27 mm.

Do 31 present.

Sinuujer 34 3 females, 1.02-1.10

mm.

Remarks : Because of the difficulty encoun-

tered in identifying this species, I have included

several figures of the female and a figure of

the fifth feet of a specimen that I consider to

be the male of this species. Giesbrecht and
Schmeil (1898) stated that the second basal

segment of the first maxilla of the female has

5 setae. The present specimens have 3 setae

on this segment. Although these authors indi-

cated that the male of this species is question-

able, they gave the length as 1.45 mm. as com-

pared to 1.15 mm. for the female. The present
males are also larger than the females.

Scolecithricella marginata (Giesbrecht, 1888)

(Plate 18, figs. 2-9)

» Pacific records: Scott, 1909; Wilson, 1942.

Vessel : Station Occurrence

Hugh M. Smith __ 144 2 females, 1.05 mm.
Do 178 2 females, 1.00, 1.02

mm.

Remarks : The small size and fifth feet (fig.

9) serve to identify this species.

Scolecithricella tropica n. sp.

(Plate 18, figs. 10-18)

Vessel: Station Occurrence

Hugh M. Smith .^ 94 4 females, 1.22-1.30

mm.
Do 132 5 females, 1.15-1.27

mm.
Do 178 2 females, 1.13, 1.14

mm.

Description: Of the 11 specimens of this

species examined, none was intact. The fol-

lowing description is based, therefore, on sev-

eral specimens and even with these a discus-

sion of certain appendages will not be possible.

The cephalothorax is considerably longer
than the abdomen, the ratio of these two body
parts is approximately 4.4: 1.0 (figs. 10, 11).

The posterior thoracic border has a well-defined

indentation at a point ju.st anterior to the apex.
The genital segment is longer than the com-
bined lengths of the next 2 segments. The ros-

tral filaments are long and apparently not ar-

ticulated to the base (fig. 12).

The first maxilla (fig. 13) has the following
number of setae: 2 on the second inner lobe, 3

on the third inner lobe, 5 on the second basal

segment, 8 on the endopod, and 6 on the exo-

pod.

The terminal portion of the second maxilla

(fig. 14) has 5 sensory and 3 worm-like ap-

pendages.
The first pair of feet (fig. 15) has a 3-seg-

mented exopod and 1-segmented endopod. A
group of small spines is present on the second

basal segment near the distal margin. The exo-

pod of the second pair of feet consists of 3 seg-
ments and the endopod of 2 segments (fig. 16).

Two spines are present on the surface of the

first exopodal segment, a group of large and
small spines on the second segment and three

groups of spines on the third exopodal segment.
Five large and 2 small spines are present on

the second endopodal segment.
As in certain other species of Scolecithricella,

the fifth feet are variable. Most of the speci-

mens examined have 2, approximately equal,

terminal spines (fig. 17) but at least 2 speci-

mens were observed to have 3 on one side and
2 on the other (fig. 18).

This species is distinguished from other spe-

cies of Scolecithricella by the indentation on

the posterior thoracic margin and the structure

of the fifth feet.

Remarks: An undissected female from Sta-

tion 94 was selected as the holotype (U.S.N.M.
No. 104, 416). This specimen and 6 paratypes

(Nos. 104, 417-104, 419) have been deposited
in the U.S. National Museum.

Scolecithricella sp.

(Plate 19, figs. 1-5)

Vessel: Station Occtirrence

Hugh M. Smith __ 144 2 males, 1.20, 1.22

mm.

Remarks: Two male specimens which are

apparently referable to the genus Scolecithri-
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PLATE 19.

SCALES

0.05 mm
FIGS. 3,4,7,9,11,18

FIGS. 5,10,15-17,23

FIG. 6

FIGS. 12-14,21.22

FIG. 20

FIGS. 1,2,8,19,24,25

19.

Plate 19.— (1) Scolecithricella sp., male, dorsal view; (2) lateral view; (3) rostrum; (4) first maxilla;

(5) fifth pair of feet; (6) Scaphocalanns echinatus, female, posterior part of thorax and genital segment; (7) fifth

foot; (8) S. longifurca, female, posterior part of thorax and abdomen, lateral view; (9) fifth pair of feet; (10) male,
fifth pair of feet; (11) left fifth foot; (12) Scottocalanus securifrons. female, forehead, lateral view; (13) abdomen,
dorsal view; (14) posterior part of thorax and abdomen, lateral view; (15) fifth pair of feet; (16) S. farrani, male,

forehead, lateral view; (17) posterior part of thorax and genital segment, lateral view; (18) rostrum; (19) second

foot; (20) fifth pair of feet; (21) S. sedatus, female, lateral view; (22) abdomen, dorsal view; (23) rostrum;

(24) second foot; (25) fifth pair of feet.
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cella were found in the above sample. As the

males of several described females, including

the preceding species, are not known, I hesitate

to describe the present species as new.

Scaphocalanus echhiatiis (Farran, 1905)

(Plate 19, figs. 6, 7)

Pacific records: Farran, 1929, 1936; Mori, 1937;

Wilson, 1950; Honjo, 19.52; Tanaka, 19-53; Tsuruta and

Chiba, 1954a; Chiba, 1956; Honjo et al., 19.57.

Vessel: Station Occurrence

Hugh M. Smith __ 63 1 female, 2.00 mm.

Remarks: S. echinatus resembles S. longi-

furca but the inner edge setae on the fifth feet

of the former species are coarsely toothed (fig.

7).

Scaphocalanus longijiirca (Giesbrecht, 1888)

(Plate 19, figs. 8-11)

Pacific records: Tanaka, 1953. As Scolecithricella

loiigifurca, Scott, 1909. As IScaphocalanus gracili-

cnuda, Tanaka, 1937.

Vessel: Station

Hugh M. Smith __ 94

Do 29 _-

Do 63

Occurrence

1 male, 1.53 mm.
2 females, 1.87, 1.94

mm.
1 female, 1.94 mm.

Remarks: The similarity of this species to

S. subbrevicornis has been pointed out by Far-

ran (1929) and Vervoort (1951). The latter

author has indicated that Tanaka's S. gracili-

cauda (male) is identical to a male doubtfully

referred by Rose (1942) to S. dentata. Ver-

voort (1951) suggests that these two males may
be the male of S. longifurca. I, too, have found

a male specimen which I am tentatively refer-

ring to S. longifurca rather than to S. subbre-

vicornis, as figured by Vervoort, because of the

small size of the present specimen (1.53) . Ver-

voort's specimens measured 2.19 mm. and Tan-

aka's single specimen was 1.75 mm. The former

author has also suggested (1957) that Wilson's

(1950) records of S. subbrevicornis are prob-

ably referable to S. longifurca.

Scoltocalanus securijrons (T. Scott, 1894)

(Plate 19, figs. 12-15)

Pacific records: Scott, 1909; Farran, 1929; Tanaka,
1937; Brodsky, 1950; Wilson, 1950; Tanaka, 1953;
Hida and King, 1955; Heinrich, 1958b.

Vessel : Station Occurrence
Horizon 32 1 female, 4.08 mm.

Remarks : The ventral surface of the genital

segment is produced posteriorly and partly

overlaps the following segment (fig. 14). The

spine on the left fifth foot is thicker than that

on the right (fig. 15). These two characters

will identify the female of this species. No
male has been found in the present samples.

Scoltocalanus farrani A. Scott, 1909

(Plate 19, figs. 16-20)
Pacific records: Scott, 1909; Wilson, 1950.

Vessel : Station Occurrence

Hugh M. Smith __ 29 1 male, 3.50 mm.

Remarks : The structure of the fifth pair of

feet particularly the relative lengths of the exo-

and endopods and the presence of a tooth-like

process on the second basal segment of the

right foot will identify the male of this species.

No females were found.

Scoltocalanus sedalus Farran, 1936

(Plate 19, figs. 21-25)

Pacific records: Farran, 1936.

Vessel: Station

Hugh M. Smith __ 29 — .

Orsom 10

Occurret^ce

1 female, 3.40 mm.
1 female, 3.30 mm.

Remarks : This species is distinguished by
the long setae and small, outwardly directed

spines on the terminal segments of the fifth

pair of feet (fig. 25).

Family TEMORIDAE

Temoropia mayumhaensis T. Scott, 1894

(Plate 20, figs. 1-12)

Pacific records: Scott, 1909; Farran, 1929;

Wilson, 1942; Heinrich, 1957b.

1936;

Vessel: Station Occurrence

Hugh M. Smith __ 94 6 females, 0.94-0.99;
3 males, 0.88-0.92

mm.
Orsom 10 2 females, 0.98 mm.
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Remarks: The small size and large ventral

protrusion on the genital segment (figs. 3, 4)

will identify the female. The geniculate right

antenna and the pointed terminal segment of

this antenna (figs. 10, 11) will aid in recogniz-

ing the male sex.

Family METRIDIIDAE

Metridia icniista Giesbrecht, 1889

(Plate 20, figs. 13-17)

Pacific records: Vervoort, 1957.

Vessel: Station Occurrence

Hugh M. Smith 144 1 juvenile female,
2.88 mm.; 1 male,
2.82 mm.

Remarks : This species is recognized by the

asymmetrical furca. In both sexes the left

furca is longer than the right one (figs. 13, 16).

PleHiomamma xipbias (Giesbrecht, 1888)

(Plate 20, figs. 18-21, plate 21, figs. 1-5)

Pacific records: Vervoort, 1957. Also, Johnson,
1942; Mori, 1942; Brodsky, 1950; Anraku, 19.52; Honjo,
1952; Anraku, 19.54b; Tsuruta and Chiba, 1954a;

1954b; Chiba, Tsuruta, and Maeda, 1955; Hida and

King, 1955; Nagaya et al., 1955; Chiba, 1956; Hein-

rich, 1957b; Honjo et al., 1957; Heinrich, 1958b;

Yamazi, 1958a.

Vessel: Station

Hugh M. Smith __ 63 _.

Orsom 10 _.

Occurrence

1 male, 4.28 mm.
2 females, 3.99, 4.08

mm.; 2 males,

3.99, 4.08 mm.
Satsuma 32 1 female, 4.25 mm.;

1 male, 4.18 mm.

Remarks: The large spine-like protrusion
on the forehead of this species (figs. 19, 3)

readily distinguishes it from other species in

the genus.

Pleiiromamma ahdominalis (Lubbock, 1856)

(Plate 21, figs. 6-15)

Pacific records: Vervoort, 1957. Also, Johnson,

1942; Mori, 1942; Brodsky, 1950; Anraku, 1952; Honjo,

1952; Anraku, 1954a; 19.54b; Tsuruta and Chiba,

1954b; Chiba, Tsuruta, and Maeda, 1955; Hida and

King, 1955; Nagaya et al., 1955; Chiba, 1956; Hein-

rich, 1957b; Honjo et al., 1957; Heinrich, 1958a;

Yamazi, 1958a.

Vessel : Station

Hugh M. Smith 94

Do 29

Do 63

Orsoyn 10

Horizon 32 3.06(1)
Satsuma 32 2.8.5-3.13(5) 2.99-3.06(4)

Occurrence (measurements in mm.; number of specimens in paren.)

f. typica f. edentata f. abyssalis

female male female male

3.02(2)

3.13(1) 2.7.5-3.06(11) 3.06(1)

2.75-2.82(2)

2.79-3.02(3)

Remarks : All three forms of this species ap-

peared in the above cited samples. Figures
and descriptions of these have been presented

by Steuer (1932). The female of forma abys-
salis is not known. The female of forma typica
and forma edentata are distinguished by the

teeth on the first and second antennal seg-
ments. In forma typica these segments each

has a large tooth (fig. 6) while in foi-ma eden-

tata these segments have only small teeth (fig.

10). Although Steuer mentions that segment
16 of the first antenna is smaller than segment
17 in forma edentata, these length differences

are difficult to observe.

The male of forma edentata is unknown.

Forma typica is easily recognized by the greatly

asymmetrical and hairy abdomen (fig. 7) while

the male of forma abyssalis has a less asym-
metrical and less hairy abdomen (fig. 12). The

small tooth on segment 17 (fig. 13) makes this

specimen referable to what Steuer termed sub-

form thermophila of forma abyssalis.

Phinnm.im)iia indica Wolfenden, 1905

(Plate 22, figs. 1-7)

Pacific records: Tanaka, 1953.

Vessel : Station Occurrence

Satsuma 32 1 male, 2.04 mm.
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0.5 mm
< FIGS. 4,9

FIGS. 2,8,11,13-15

FIG. 6

FIGS. 1,5,7,10,12

Plate 21.— (1) Pleuromamma xiphias, female, proximal part of first antenna; (2) fifth foot; (3) male, lateral

view; (4) abdomen, dorsal view; (5) fifth pair of feet; (6) P. abdommalis f. typica, female, proximal part of

first antenna; (7) male, abdomen, dorsal view; (8) fifth pair of feet; (9) P. abdominalis f. edentata, female,
lateral view; (10) proximal part of first antenna; (11) fifth foot; (12) P. abdomivalis f. ahyssalis, male, abdomen,
dorsal view; (13) segments 17 and 18 of right first antenna; (14) second pair of feet (distal end of exopods and

endopods not shown) ; (15) fifth pair of feet.
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'^^ ""^
I FIGS. 1.2.13,16.17

0. 1 mm

^l^mnu FIGS. 8.9

0.1 mm

^ FIGS. 4,6,7,10.12,15,18

FIGS. 3,5,11,14

Plate 22.— (1) Pletiromamma indica, male, dorsal view; (2) lateral view; (3) anal segment and furcae,

dorsal view; (4) segments 17 to 23 of right first antenna; (5) second pair of feet (only part of one foot shown) ;

(6) fifth pair of feet, anterior side; (7) posterior side; (8) P. quadruiu/nhtta f. typica. female, dorsal view;

(9) lateral view; (10) anal segment and furcae, dorsal view; (11) pro.ximal part of first antenna; (12) fifth foot;

(13) P. gracilis f. minima, female, lateral view; (14) abdomen, ventral view; (1,")) fifth pair of feet; (16) P.

borealis, female, dorsal view; (17) lateral view; (18) fifth pair of feet.
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Remarks : Only a single male of this species

was found. It is distinguished from males of

abdominalis and other species by the symmetri-
cal abdomen (fig. 1), divergent furcae (fig. 3)

and absence of teeth on segment 17 of the right

first antenna (fig. 4). The first segment of

both endopods of indica are indented and claw-

like (fig. 5) in contradistinction to abdominalis

which has this claw-like indentation on only
one endopod.

Pleiiromamma qiiadrungiilata (Dahl, 1893)

(Plate 22, figs. 8-12)

Pacific records: Vervoort, 1957. Also, Brodsky,
1950.

Vessel: Station Occurrence

Hugh M. Smith __ 29 1 female, 3.77 mm.
Do 63 1 female, 3.51 mm.

Remarks: The above specimens are refer-

able to forma typica Steuer, 1932. It is dis-

tinguished from forma psychrophila Steuer,

1931, by the presence of a large curved tooth

on the fourth segment of the first antennae

(fig. 11). In forma psychrophila this tooth is

reduced in size and not curved.

Vleiiromavima gracilis (Claus, 1863)

(Plate 22, figs. 13-15)

Pacific records: Esterly, 1905; Scott, 1909; Farran,
1929; 1936; Mori, 1937; Taiiaka, 1937; Dakin and

Colefax, 1940; Johnson, 1942; Mori, 1942; Wilson,

1942; Brodsky, 1950; Wilson, 1950; Anraku, 1952;

Honjo, 1952; Tanaka, 1953; Anraku, 1954b; Tsuruta

and Chiba, 1954b; Chiba, Tsuruta, and Maeda, 1955;

Nagaya et al., 1955; Chiba, 1956; Heinrich, 1957b;

Honjo et al., 1957; Heinrich, 1958a; 1958b; Yamazi,
1958a.

Vessel: Station Occurrence

Hugh M. Smith __ 94 1 female, 1.80 mm.
Do 29 6 females, 2.01-2.07

mm.
Do 63 1 female, 1.90 mm.

Horizon 32 1 female, 1.94 mm.
Satsuma 32 1 female, 1.97 mm.

Remarks : All the specimens obtained of this

species are referable to Steuer's (1932) forma

minima. This form is distinguished from forma

pi^eki (Farran, 1929) and maxima (Steuer,

1932) by the divergent margins of the anal

segment (fig. 14) and by the fused second basal

and exopodal segments of the fifth feet (fig.

15). In most of the present specimens the left

furca is enlarged (fig. 14).

Pletiromamma borealis (Dahl, 1893)

(Plate 22, figs. 16-18)

Pacific records: Farran, 1929; Brodsky, 1950; Wil-

son, 1950.

Vessel: Station Occurrence

Hugh M. Smith __ 63 1 female, 2.01 mm.
Orsom 10 1 female, 1.83 mm.
Satsuma 32 2 females, 1.90 mm.

Remarks: The long spines on the fifth feet

of the female (fig. 18) distinguished this spe-

cies from the preceding one.

Family CENTROPAGIDAE

Cenlropages gracilis (Dana, 1849)

(Plate 23, figs. 1-3)

Pacific records: Scott, 1909; Yamada, 1933; Farran,
1936; Mori, 1937; Dakin and Colefa.x, 1940; Mori, 1942;
Wilson, 1950; Tanaka, 1953; Tsuruta and Chiba, 1954b;
Chiba, Tsuruta, and Maeda, 1955; Nagaya et al., 1955;
Chiba, 1956; Honjo et al., 1957; Yamazi, 1958a.

Vessel: Station Occurrence

Hugh M. Smith _^ 132 3 females, 1.90-1.97

mm.
Do 153 present.
Do 178 2 females, 2.00 mm.

Vessel: Station Occurrence

Do 30 3 females, 1.97-2.01

mm. ; 1 male, 2.04

nun.

Stranger 34 1 female, 1.90 mm.
Satsuma 32 1 male, 1.84 mm.

Remarks: The female is recognized by the

spines on the sides on the second abdominal

segment and the short spine-like protrusions
on the inner sides of the second exopodal seg-

ments (fig. 1) of the fifth feet. The thumb of

the chela of the right foot of the male has a
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FIGS. 11,12

< FIGS. 2,4,7,15,16

FIGS. 1,3,6,9,10,14,17,18

FIGS. 5,8,13

Plate 23.— (1) Centropages gracilis, female, fifth foot; (2) male, dorsal view; (3) fifth pair of feet; (4) C.

elongatus, female, dorsal view; (5) posterior part of thorax and abdomen, lateral view; (6) fifth foot; (7) male,

dorsal \'iew; (8) posterior part of thorax and abdomen, dorsal view; (9) segments 17 to 21 of right first antenna;

(10) fifth pair of feet; (11) terminal part of exopod of left fifth foot; (12) terminal part of exopod of left fifth

foot, other side; (13) C. calaninus, female, posterior part of thorax and abdomen, lateral view; (14) fifth pair of

feet; (15) male, dorsal view; (16) lateral view; (17) fifth pair of feet; (18) exopod of left fifth foot.
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pronounced triangular protrusion which is ab-

sent in other species in the genus (fig. 3).

Centropages elongatus Giesbrecht, 1896

(Plate 23, figs. 4-12)

Synonymy:
Centropages pacificus Chiba, 1956, Jour. Shlmonoseki

College of Fisheries, 6(1): 47-48.

Pacific records: Scott, 1909; Mori, 1937; 1942; Wil-

son, 1942; Johnson, 1954; Tsuruta and Chiba, 1954b;

Chiba, Tsuruta, and Maeda, 1955; Nagaya et al., 1955;

Yamazi, 1958a.

Vessel : Station Occurrence

Hugh M. Smith __ 153 1 female, 1.87 mm.
Horizon 32 2 males, 1.74, 1.76

mm.
Satsuma 32 1 female, 1.66 mm.

Remarks : The female genital segment is only

slightly asymmetrical (figs. 4, 5) and the ab-

domen lacks the spines which are present in

the preceding species and in a related species

(C. violacens) . The spine-like extensions of the

second exopodal segments of the fifth feet ex-

ceed the distal end of the third exopodal seg-

ments (fig. 6). The male is recognized by the

structure of the fifth feet, particularly the long

external spine near the distal end of the thumb

(fig. 10) and the form of the left exopod (figs.

11, 12).

Chiba (1956) has described a new species,

C. pacificus (based on males), from specimens
collected in the Bikini area. I believe these

specimens are the males of C. elongatus, a spe-

cies which has also been reported from Bikini

by Johnson (1954).

Mori (1937) stated in his discussion of this

species that the last thoracic segments of the

female are pointed. He also presented a figure

showing this point on one lateral margin. How-

ever, no mention was made of the pointed mar-

gins of the last thoracic segments by Gies-

brecht (1896) in his original description of

the species nor in the synopsis of this species

presented later by Giesbrecht and Schmeil

(1898) . The latter authors stated that C. elon-

gatus is related to C. violaceus which has round

posterior thoracic margins. The present spe-

cimens also have rounded margins (fig. 5) .

Centropages calaninus (Dana, 1849)

(Plate 23, figs. 13-18)

Pacific records: Scott, 1909; Farran, 1936; Mori,

1937; Dakin and Colefax, 1940; Mori, 1942; Wilson,

1942; 1950; Tanaka, 1953; Tsuruta and Chiba, 1954b;

Chiba, Tsuruta, and Maeda, 1955; Nagaya et al., 1955;

Chiba, 1956; Gilmartin, 1958; Yamazi, 1958a.

Vessel : Station Occurrence

Hugh M. Smith __ 30 1 female, 2.18 mm.;
1 male, 2.06 mm.

Horizon 32 3 females, 1.97-2.04

mm.; 5 males,

1.80-2.00 mm.

Remarks: The anal segment of the female

has a small knob on the ventral surface near

the posterior end and the spine-like protrusions

of the second exopodal segments of the fifth

feet exceed the tip of the third exopodal seg-

ments (figs. 13, 14). The male is recognized

by the structure of the fifth feet, especially the

long and bent thumb of the chela (fig. 17).

Family LUCICUTIIDAE

Ltickutia jlavicornis (Glaus, 1863)

(Plate 24, figs. 1-4)

Pacific records: Esterly, 1905; Scott, 1909; Farran,
1929; Mori, 1937; Dakin and Colefax, 1940; Johnson,
1942; Mori, 1942; Wilson, 1942; Davis, 1949; Brodsky,
1950; Wilson, 1950; Anraku, 1952; Honjo, 1952; Ta-

naka, 1953; Anraku, 1954b; Tsuruta and Chiba, 1954b;
Chiba, Tsuruta, and Maeda, 1955; Motoda and Anraku,
1955; Nagaya et al., 1955; Chiba, 1956; Heinrich,
1957b; Honjo et al., 1957; Heinrich, 1958a; Yamazi,
1958a.

Vessel : Station

Hugh M. Smith __ 94 __ .

Do 132 3

Do 144 4

Do 178 3

Occurrence

12 females, 1.46-1.90

mm.; 7 males,
1.43-1.77 mm.

3 males, 1.29-1.66

mm.
4 females, 1.63-1.80

mm. ; 5 males,

1.44-1.48 mm.

females, 1.36-1.53

mm. ; 7 males,

1.28-1.42 mm.
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Vessel : Station

Do 31 _—

Do 29

Stranger 34

Satsuma 32

Occurrence

3 females, 1.41-1.55

mm.
present.

1 female, 1.39 mm.
1 female, 1.26 mm.

Remarks: The female is distinguished from
other species of the genus by the short anal

segment (figs. 1, 2) and by the form of the

fifth feet (fig. 3). The male is recognized by
the protrusion of the second basipodal segment
of the left foot and the long terminal segment
of the right exopod (fig. 4).

Other authors, including Farran, 1929, men-
tion that considerable variation occurs in the

length of this species. In at least one collection

(Smith 94), two size groups were noted as fol-

lows: females 1.46-1.53 (6); 1.87-1.90 (6);

males 1.39-1.53 (7) ; 1.77 (1) mm.

Luckutia ovalis Wolfenden, 1911

(Plate 24, figs. 5-9)

Pacific records: Farran, 1929; 1936; Mori, 1937;

Wilson, 1950; Tanaka, 1953; Anraku, 1954b; Tsuruta

and Chiba, 1954b; Chiba, Tsuruta, and Maeda, 1955;

Motoda and Anraku, 1955; Nagaya et al., 1955; Chiba,

1956; Honjo et al., 1957; Yamazi, 1958a.

Vessel : Station Occurrence

Hugh M. Smith __ 132 2 females, 1.32, 1.36

mm.
Do 153 1 female, 1.37 mm.
Do 178 3 females, 1.34-1.36

mm.
Do 63 1 female, 1.46 mm.

Stranger 34 1 female, 1.39 mm.
Orsom 10 present.

Sats2ima 32 1 female, 1.44 mm.

Remarks: The female is most easily recog-

nized by its small size, the two-segmented endo-

pod of the first feet (fig. 8), and the structure

of the fifth feet (fig. 9).

Family HETERORHABDIDAE

Heterorhabdus spinifrons (Claus, 1863)

(Plate 24, figs. 10-11)

Pacific records: Vervoort, 1957. Also, Brodsky,

1950; Tanaka, 1953.

Vessel: Station Occurrence

Hugh M. Smith 144 present.

Do 29 3 females, 2.69-3.57

mm.; 3 males,

3.04-3.20 mm.
Do 63 1 male, 2.41 mm.

Satsuma 32 3 females, 2.10-2.18

mm.

Remarks : In both sexes the forehead is pro-

longed into a point (fig. 10), a character which

will identify this species. In the female, one of

the distal 3 spines of the maxilliped is small

and slender (fig. 11).

Heterorhabdus papilliger (Claus, 1863)

(Plate 24, figs. 12-16)

Pacific records: Esterly, 1905; Scott, 1909; Farran,

1929; 1936; Mori, 1937
; Tanaka, 1937; Dakin and Cole-

fax, 1940; Johnson, 1942; Mori, 1942; Wilson, 1942;

Brodsky, 1950 Wilson, 1950; Anraku, 1952; Honjo,

1952; Tanaka, 1953; Anraku, 1954a; 1954b; 1954c;

Chiba, Tsuruta, and Maeda, 1955; Motoda and Anraku,

1955; Nagaya et al, 1955; Chiba, 1956; Heinrich,

1957b; Yamazi 1958a.

Vessel : Station Occurrence

Hugh M. Smith __ 94 2 females, 2.04, 2.07

mm. ; 3 males,
1.80-1.94 mm.

Do 132 2 females, 1.87, 1.90

mm. ; 1 male, 1.87

mm.
Do 144 1 female, 2.14 mm.;

1 male, 2.11 mm.
Do 178 6 females, 1.80-1.87

mm.; 6 males,

1.70-1.84 mm.
Do 29 1 female, 2.00 mm.
Do 31 4 females, 1.90-1.94

mm.; 1 male, 1.97

mm.
Do 63 2 females, 1.77, 1.97

mm.

Stranger 34 1 female, 1.94 mm.
Orsom 10 1 female, 1.84 mm.

Remarks: The female forehead is rounded

(fig. 12) and the 3 distal spines of the maxilli-

ped are all about equal in length in both sexes

(fig. 14).
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Haloptiliis acutifrons (Giesbrecht, 1892)

(Plate 25, figs. 1-8)

Pacific records: Vervoort, 1957. Also, Johnson, 1942;

Brodsky, 1950; Tanaka, 1953; Anraku, 1954b; Chiba,

Tsuruta, and Maeda, 1955; Nagaya et al., 1955; Chiba,

1956; Yamazi, 1958a.

Vessel : Station Occurrence

Hugh M. Smith __ 94 1 female, 3.80 mm.

Remarks: Although closely resembling H.

oxycephalus. H. acutifrons may be distinguished

by (1) its small size, (2) less produced fore-

head (fig. 1) and (3) structure of the gnathal
lobe of the mandible (fig. 3).

Haloptilus jerlilh {Giesbrecht, 1892)

(Plate 25, figs. 9-11)

Pacific recoi'ds: none.

Vessel: Station

Hugh M. Smith __ 32 __.

Occurrence

1 male, 2.47 mm.

Remarks: The male is recognized by its

small size and structure of the fifth feet (fig.

11).

Haloptilus longiconiis (Glaus, 1863)

Pacific records: Scott, 1909; Farran, 1929; 1936

Mori, 1937; Johnson, 1942; Mori, 1942; Wilson, 1942

Brodsky, 1950; Wilson, 1950; Tanaka, 1953; Yamazi

1953c; Chiba, Tsuruta, and Maeda, 1955; Nagaya et

al., 1955; Chiba, 1956; Heinrich, 1957b; Honjo et al.,

1957; Heinrich, 1958b; Yamazi, 1958a.

Vessel :

Hugh M. Smith
Do

Station

. 94 __.

132 __.

Occurrence

Do
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005mm
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FIGS. 3,20

FIGS. 10,11,13,19

FIGS. 1,9,17

FIGS. 12,14,15

FIGS. 2,4-8,16,18

Plate 25.— (1) Haloptilus acutifr-ons, female, dorsal view; (2) mandible palpus; (3) gnathal lobe of mandible;

(4) first foot; (5) second foot; (6) third foot; (7) fourth foot; (8) fifth foot; (9) H. fertilis, male, dorsal view;

(10) gnathal lobe of mandible; (11) fifth pair of feet; (12) H. ornatus, female, second antenna; (13) gnathal
lobe of mandible; (14) first maxilla; (15) second maxilla; (16) fifth foot; (17) H. spiniceps, female, dorsal view;

(18) forehead, lateral view; (19) mandible palpus; (20) gnathal lobe of mandible.



COPEPODS FROM EQUATORIAL WATERS OF PACIFIC OCEAN 225

PLATE 26.

SCALES

O.OSmm
FIGS. 9,16

,

0' '•""'. FIGS. 8,17

0.5mm
FIGS. 6,7

FIGS. 1-5,10-15

Plate 26.— (1) HalopHlus spiniceps, female, first foot; (2) second foot; (3) third foot; (4) fourth foot;

(5) fifth foot; (6) AMi5ra;;(i7;/s /o?if/icaMrfaf!/s, female, dorsal view; (7) lateral view; (8) mandible; (9) gnathal lobe

of mandible; (10) firstfoot; (11) second foot; (12) third foot; (13) fourth foot
; (14) fifth foot; (15) Euaugap-

tilus hecticus, female, abdomen; (16) gnathal lobe of mandible; (17) fifth pair of feet.
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Augaptilus longicaudatus (Claus, 1863)

(Plate 26, figs. 6-14)

Pacific records: Esterly, 1905; Scott, 1909; Farran,

1929; 1936; Wilson, 1942; Brodsky, 1950; Wilson,

1950; Tanaka, 1953.

Vessel : Station Occurrence

Hugh M. Smith __ 94 1 female, 3.60 mm.

Remarks : The asymmetrical genital segment

(fig. 6), mandibular dentition (fig. 8), and

structure of the fifth feet (fig. 14) will identify

the female. No males were observed in the

present collections.

Euaugaptilus heclicus (Giesbrecht, 1889)

(Plate 26, figs. 15-17)

Pacific records: Farran, 1929; Wilson, 1950; Tanaka,
1953. As Augaptilus hecticus; Scott, 1909.

Vessel : Station Occurrence

Hugh M. Smith __ 31 2 females, 2.70 mm.
Stranger 34 1 female, 2.28 mm.
Satsuma 32 1 female, 2.38 mm.

Remarks: The very long genital segment
(fig. 15), claw-like mandibular blade (fig. 16)
and the 2-segmented exopods of the fifth feet

(fig. 17) serve to identify this species.

Family ARIETELLIDAE

Arietellus setosus Giesbrecht, 1892

(Plate 27, figs. 1-4)

Pacific records: Esterly, 1905; Scott, 1909; Esterly,

1911; Farran, 1929; Johnson, 1942; Wilson, 1942;

Brodsky, 1950; Wilson, 1950.

Vessel : Station

Hugh M. Smith __ 63

Occurrence

1 male, 3.99 mm.

Remarks: The posterior thoracic margins
are widely divergent (figs. 1, 3) and the fore-

head terminates in an acute point (fig. 2) . Only

the male has been found in the present samples.

Arietellus gieshrechti Sars, 1905

(Plate 27, fig. 5)

Pacific records: Wilson, 1950; Tanaka, 1953.

Vessel : Station

Hugh M. Smith __ 29 __

Occurrence

1 male, 4.75 mm.

Remarks: In the male the left posterior

thoracic margin is slightly longer than the

right. The fifth feet, shown here (fig. 5), are

also diagnostic. No females were observed.

Arietellus plumijer Sars, 1905

(Plate 27, figs. 6-10)

Pacific records: Wilson, 1950.

Vessel : Station Occurrence

Hugh M. Smith 94 1 juvenile female.

Do 63 1 female, 5.51 mm.

Remarks : The posterior margins of the

thorax are symmetrical and turned upward
(figs. 6, 7, 9), and the head has a small point

(figs. 7, 8). No males were found.

Arietellus aculeatus (T. Scott, 1894)

(Plate 27, figs. 11-14)

Pacific records: Scott, 1909; Farran, 1929; Wilson,

1950.

Vessel : Station Occurrence

Hugh M. Smith 63 1 juvenile female,
4.08 mm.

Remarks: The forehead is produced into a

long point (fig. 11). The posterior thoracic

margins are asymmetrical and the spinous pro-

trusion of the right side is more divergent and

longer than the one on the left (figs. 11, 13).

Farran (1929) has suggested that A. arma-

tiis Wolfenden, 1911 is probably a synonym of

A. aculeatus. Wilson (1950), however, recog-

nized armatus as a valid species and redescribed

both sexes.
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PLATE 27.

SCALES

FIG. 3

FIGS. 1.2,6,7,11,12

FIGS. 8,9,13

FIG. 4

FIGS. 5,10,14

Plate 27.— (1) Arietellus setosus, male, dorsal view; (2)lateral view; (3) posterior part of thorax and

abdomen, dorsal view; (4) fifth pair of feet; (5) A. giesbrechti, male, fifth pair of feet; (6) .1. plumifer, female,

dorsal view; (7) lateral view; (8) forehead, lateral view; (9) posterior part of thorax and abdomen, dorsal view;

(10) fifth pair of feet; (11) A. aeideatiis, juvenile female, dorsal view; (12) lateral view; (13) posterior

part of thorax and abdomen, dorsal view; (14) fifth pair of feet.
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Candacia longimana (Claus, 1863)

(Plate 28, figs. 1-12)

Pacific records: Scott, 1909; Farran, 1929; 1936;

Mori, 1937; 1942; Wilson, 1942; 1950; Honjo, 1952;

Tanaka, 1953; Anraku, 1954b; Tsuruta and Chiba,

1954b; Chiba, Tsuruta, and Maeda, 1955; Nagaya et

al., 1955; Chiba, 1956; Heinrich, 1957b; Honjo et al.,

1957; Yamazi, 1958a.

Family CANDACIIDAE

genital segment of the female has two small

spines on the dorsal surface and the genital seg-

ment of the male has a bilobed protrusion ex-

tending from the right side.

Vessel : Station

Horizon 32 —

Satsuma 32

Ocmrrence
__ 2 females, 2.82, 2.92

mm. ;
1 male, 2.69

mm.
1 female, 2.89 mm.

Remarks: Twelve species of Candacia were

found in the collections. For each species, ex-

cepting C. guggenheimi which has recently been

described (Grice and Jones, 1960), I have usu-

ally included figures of the dorsal and lateral

views of both sexes. Figures are also given of

the fifth feet of each species and, for most spe-

cies, figures of certain of the cephalic append-

ages (gnathal lobe of the mandible, second

maxilla and maxilliped) are given. The females

of the species herein described are easily recog-

nized by the forms of the genital segment and

fifth feet. The males are recognized by the

character of the spine-like protrusion of the

right posterior thoracic margin, the structure

of the abdomen and the form of the fifth feet.

The female of C. longimana has a symmetri-

cal genital segment (fig. 1), the basal tooth of

the mandible is tricuspate (fig. 3), and the

fifth foot terminates in 3 sub-equal points (figs.

4, 5). The right posterior thoracic margin of

the male ends in an irregular protrusion (figs.

6, 7) which in lateral view is seen to turn up-

ward (fig. 9). The right side of the genital

segment has a large finger-like protrusion. The

right fifth foot is chelate (fig. 11) and the distal

margin of the last segment of the left foot ends

in 3 small points (fig. 12).

Candacia guggenheimi Grice and Jones, I960

Pacific records: Grice and Jones, 1960.

Vessel : Station Occurrence

Hugh M. Smith 29 present.

Remarks : This species has recently been de-

scribed elsewhere (Grice and Jones, 1960). The

Candacia tenuimana (Giesbrecht, 1889)

(Plate 28, figs. 13-18; plate 29, figs. 1-4)

Pacific records:

son, 1942; 1950.

Scott, 1909; Johnson, 1942; Wil-

Vessel : Station

Hugh M. Smith __ 29 __.

Occurreyice

1 female, 2.07 mm.;
1 male, 2.20 mm.

Remarks: The female genital segment is

slightly asymmetrical, the right side being more

produced than the left (fig. 13, 15). The basal

tooth of the mandible has 2 unequal cusps (fig.

17). The innermost spine-like protrusion of

the distal segment of the fifth foot (fig. 18) is

considerably longer than the other two. The

spine-like protrusion on the right posterior

thoracic margin of the male has a bifid tip (fig.

1, 2) and the genital segment is produced to

the right in the form of a narrow, curved,

spine-like process (fig. 2). As in the preced-

ing species, the right fifth foot is chelate (fig.

4).

Candacia aethiopica (Dana, 1849)

(Plate 29, figs. 5-16)

Pacific records: Streets, 1877; Esterly, 1905; Scott,

1909; Farran, 1929; Yamada, 1933a; Tanaka, 1935b;

Farran, 1936; Mori, 1937; Dakin and Colefax, 1940;

Johnson, 1942; Mori, 1942; Wilson, 1942; 1950; Tanaka,

1953; Anraku, 1954b; Tsuruta and Chiba, 1954b; Chiba,

Tsuruta, and Maeda, 1955; Nagaya et al., 1955; Chiba,

1956; Honjo et al., 1957; Gilmartin, 1958.

Vessel : Station Occurrence

Hugh M. Smith __ 30 1 male, 2.24 mm.
Horizon 32 1 female, 2.21 mm.;

3 males 2.18-2.24

mm.
Satsuma 32 1 female, 1.97 mm.

Remarks : Of the two spine-like protrusions

on the female genital segment, the one on the

left is the larger (figs. 5, 7). The basal tooth

of the mandible has 3 cusps, the middle one of

which is the larger (fig. 9). The distal seg-

ment of the fifth foot has 1 external spine, 3



COPEPODS FROM EQUATORIAL WATERS OF PACIFIC OCEAN 229

PLATE 28.

SCALES

,
0-05 mm

, piGS. 3,5,17,18

Q-^"^"'
 FIGS. 6.7,13,14

Plate 28.— (1) Candacia longimana, female, dorsal view; (2) lateral view; (3) ^athal lobe of mandible;

(4) fifth foot; (5) tip of fifth foot; (6) male, dorsal view; (7) lateral view; (8) abdomen, dorsal view; (9) pos-

terior lateral corner of thorax and genital segment, right side; (10) second maxilla; (11) right fifth foot; (12) left

fifth foot; (13) C. tenuimana, female, dorsal view; (14) lateral view; (15) posterior part of thorax and abdomen,
dorsal view; (16) genital segment, lateral view; (17) gnathal lobe of mandible; (18) fifth foot.
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PLATE 29.

SCALES

Q-O^"'"'
I FIGS.9,11

"^"^"^
< FIGS. 1,5,6,12,13

FIGS. 3,4,16

OJmm
pigg 2,7,8,10,14,15

Plate 29.— (1) Candacia tenuimana, male, lateral view; (2) posterior part of thorax and abdomen, dorsal

view; (3) left fifth foot; (4) right fifth foot
; (5) C. aef/wopt'ca, female, dorsal view ; (6) lateral view; (7) abdomen,

dorsal view; (8) genital segment, ventral view; (9) gnathal lobe of mandible; (10) second maxilla; (11) fifth foot;

(12) male, dorsal view; (13) lateral view; (14) posterior part of thorax and abdomen, dorsal view; (15) posterior

lateral corner of thorax and genital segment, right side; (16) fifth pair of feet.
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terminal points and 3 internal, apparently un-

articulated, setae (fig. 11). The male has a

bifid spine-like protrusion (lateral view) ex-

tending from the right posterior margin of the

thorax (figs. 13, 15). There is a rounded tu-

bercle and a spine-like point arising from the

right side of the genital segment (fig. 14). The

chela of the right fifth foot is broad and spin-

ous (fig. 16).

Candacia pacbydactyla (Dana, 1849)

(Plate 30, figs. 1-9)

Pacific records: Scott, 1909; Tanaka, 193.5; Mori,

1937; Dakin and Colefax, 1940; Wilson, 1942; 1950;

Chiba, 19.52c; Tanaka, 1953; Tsuruta and Chiba, 1954b;

Chiba, Tsuruta, and Maeda, 1955; Hida and King,

1955; Nagaya et al., 1955; Chiba, 1956; Honjo et al.,

19.57; Yamazi, 19.58a.

Vessel : Station Occurrence

Hugh M. Smith __ 132 2 males, 2.52 mm.
Do 153 1 female, 2.82 mm.;

1 male, 2.07 mm.
Do 178 2 males, 2.52 mm.
Do 30 4 females, 2.48-2.55

mm. ; 1 male, 2.48

mm.
Do 63 1 female, 2.88 mm.;

4 males, 2.45-2.72

mm.

Stranger 34 3 females, 2.62-2.65

mm. ; 2 males,

2.38, 2.52 mm.
Orsom 10 1 male, 2.48 mm.
Horizon 32 6 females, 2.55-2.62

mm. ; 6 males,
2.31-2.55 mm.

Remarks: This is a robust species and is

easily distinguished by the coarse spine-like

protrusions of the genital segment of the fe-

male (figs. 1, 2). The basal tooth of the man-

dible ends in 3 very unequal cusps (fig. 3) . The

distal segment of the fifth feet ends in 3 points,

the innermost one of which is curved (fig. 4).

The right posterior margin of the thorax of the

male (figs. 5, 6) is similar to that of C. aethio-

pica but the protrusion of the genital segment
is quite large (fig. 7). The thumb of the chela

on the right fifth foot ends in a long spine as

does the distal segment of the left foot (figs.

8,9).

Candacia curia (Dana, 1849)

(Plate 30, nas. 10-14; plate 31, figs. 1-3)

Pacific records: Esterly, 1905; Scott, 1909; Farran,

193.5b; Farran, 1936; Mori, 1937; Johnson, 1942; Wil-

son, 1942; i950; Tanaka, 1953; Tsuruta and Chiba,

1954b; Chiba, Tsuruta, and Maeda, 1955; Nagaya et al.,

1955; Chiba, 1956; Honjo et al. 1957; Yamazi, 195Sa.

As C. bicomuta; Mori, 1932.

Vessel: Station Occurrence

Hugh M. Smith __ 29 2 females, 2.48. 2.62

mm.; 2 males,

2.28, 2.34 mm.

Orsom 10 1 female, 2.44 mm.;
1 male, 2.20 mm.

Horizon 32 1 female, 2.58 mm.

Remarks: The female genital segment is

slightly asymmetrical in dorsal view (fig. 10)

and has a spine-like protrusion on the ventral

side (fig. 11). This spine-like protrusion orig-

inates from the right side of the segment (fig,

12). The basal tooth of the mandible has 3

cusps, the lowermost one of which arises from

behind the other two (fig. 13). There are 2

points on the distal end of the fifth foot and

another point a short distance back of the distal

end (fig. 14). The right posterior thoracic

margin of the male ends in a hooked spine-like

point (fig. 1) and there is a curved, pointed

protrusion from the right side of the genital

segment (fig. 2) . The chela of the fifth foot is

also diagnostic (fig. 3).

Candacia bipinnala (Giesbrecht, 1889)

(Plate 31, figs. 4-7)

Synonymy :

Candacia bipinnata (Giesbrecht, 1889, Atti Ace.

Lincei Rend., ser. 4, 5 sem. 1: 815).

Candacia pectinata (not of Brady, 1878) Esterly

(1905, Univ. Calif. Publ. Zool., 2(4): 193); Mori

(1937, The pelagic Copepoda from the neighboring

waters of Japan, p. 83) ;
Dakin and Colefax (1940,

Publ. Univ. Sydney Dept. Zool. Monogr. 1, p. 105).

(C. pectinata Brady, 1878 = C. arnuita Boeck, 1873.)

Pacific records: Esterly, 1905; Scott, 1909; Tanaka,

1929; Yamada, 1933; Tanaka, 1935b; Mori, 1937; Dakin

and Colefax, 1940; Johnson, 1942; Wilson, 1942; Davis,

1949; Motoda, lizuka, and -Anraku, 1950; Brodsky,

1950; Wilson, 1950; Anraku, 1952; Honjo, 1952; An-

raku, 1953; Tanaka, 1953; Anraku, 1954b; Chiba,

Tsuruta, and Maeda, 1955; Motoda and Anraku, 1955;

Nagaya et al., 1955; Chiba, 1956; Honjo et al., 1957;
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PLATE 30.

SCALES

- FIGS.3,13

< FIGS. 1,5,6,10,11

< FIGS. 4,8,9,14

Plate 30.— (1) Candacia paehydactyla, female, dorsal view; (2) abdomen, ventral view; (3) gnathal lobe of

mandible; (4) fifth pair of feet; (5) male, dorsal view; (6) lateral view; (7) abdomen, dorsal view; (8) left fifth

foot; (9) right fifth foot; (10) C. curta, female, dorsal view; (11) lateral view; (12) abdomen, ventral view;

(13) gnathal lobe of mandible; (14) fifth foot.
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PLATE 31.

SCALES

1 FIGS. 6,13,21

" FIGS. 1,11,12,17,18

FIGS. 3,7,10,15,16

FIGS. 8,9

FIGS. 2,4,5,14,19,20,22

Plate 31.— (1) Candacia curta, male, dorsal view; (2) posterior part of thorax and genital segment, right side;

(3) fifth pair of feet; (4) C. bipinnata, male, posterior part of thorax and abdomen, dorsal view; (5) posterior

part of thorax and abdomen, right side; (6) gnathal lobe of mandible; (7) fifth pair of feet; (8) C. varicans,

female, dorsal view; (9) lateral view; (10) fifth pair of feet; (11) male, dorsal view; (12) lateral view;

(13) gnathal lobe of mandible; (14) second maxilla; (1.5) left foot; (16) right foot; (17) C. cafit/a, female, dorsal

view; (18) lateral view; (19) abdomen, dorsal view; (20) abdomen, lateral view; (21) gnathal lobe of mandible ;

(22) second maxilla.
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Yamazi, 1958a; Brodsky, 1959; Lindberg, 1959. As
C. bipvMctata [

= C. bipinnatal'] ; Yamazi, 1953a.

Vessel : Station Occurrence

Hugh M. Smith __ 178 1 male, 1.90 mm.
Do 144 1 male, 2.28 mm.

Remarks: Only two males of this species

were found. The right posterior lateral pro-

trusion of the thorax is characteristic. This

protrusion exceeds the end of the genital seg-

ment and its tip, as seen in dorsal view, is

irregular (fig. 4). In lateral view the distal

end appears to be somewhat truncate (fig. 5).

A small, posteriorly directed hook arises from
the right side of the genital segment (fig. 4).

The basal tooth of the gnathal lobe of the man-
dible is tricuspate (fig. 6). The thumb of the

chela of the right fifth foot has a stout spine
at its tip.

In regard to the above indicated synonymy,
Sars (1903) redescribed C. armata (Boeck,

1873) and pointed out that C. pectlnafa

(Brady, 1878) is a synonym of the former spe-

cies. C. armata is a north Atlantic species

which occurs along the east coast of the United

States as far south as off Beaufort, North Caro-

lina (Fleminger and Bowman, 1956), and along
the coast of Europe probably as far south as

off Spain. It has also been reported from the

Mediterranean Sea (Rose, 1934) and from the

Adriatic Sea (Hure, 195.5).

I have examined specimens identified by Es-

terly (1905) and labeled C. biplnnata 9, C. pec-

tinata S
, which were loaned to me by Dr. Abra-

ham Fleminger of the Scripps Institution of

Oceanography. Included in the vial were two

females, C. bipinnata. Esterly's figure of the

fifth foot of his female C. pectinata is prob-

ably that of a stage V female C. bipinnata, a

species which also occurred in his collections.

The figure of the genital segment of his male
C. pectinata is clearly referable to C. bipinnata.

Esterly stated in regard to C. bipinnata that he
did not find the male of this species.

Mori (1937) reported only the male of C.

pectinata from Japanese waters. His figures
and description of this species indicate that it

is actually C. bipinnata. The protrusion of the

right posterior lateral margin of the thorax,
the form of the hook on the right side of the

genital segment, and the structure of the fifth

pair of feet all agree with those of C. bipinnata.
Mori also presented figures of male C. bipinnata
which are not unlike those of his C. pectinata.
Dakin and Colefax's (1940) C. pectinata

(both sexes) which were questionably referred

to this species are also C. bipinnata. I have
examined specimens which were obtained from
the east coast of Australia and which are simi-

lar to the figures presented by these authors

for C. pectinata. These copepods are stage V
female and adult male C. bipinnata.
As to other reports of C. pectinata from the

Pacific Ocean, Scott (1909) has previously
stated that Brady's (1883) figures of this spe-

cies "represents at least four distinct species,

none of which are identical with it" (C. pecti-

nata = C. armata). C. pectinata has also been

reported by Honjo (1952) and Honjo et al.

(1957). As the species is included in lists,

without descriptions or figures, these records

too are questionable and in need of confirma-

tion.

Candacia varicans (Giesbrecht, 1892)

(Plate 31, figs. 8-16)

Pacific records: Farran, 1929; Johnson, 1942; Wil-

son, 1942; 1950.

Vessel : Station Occurrence

Hugh M. Smith __ 31 2 males, 2.14, 2.18

mm.
Do 63 1 female, 2.55 mm.;

2 males, 2.26,

2.28 mm.

Remarks: The female has a long and sym-
metrical genital segment (fig. 8) which is pro-

duced on the ventral side (fig. 9). The fifth

feet are slightly asymmetrical and terminate

in two rather long, but unequal, points (fig.

10). The thorax and genital segment of the

male are symmetrical (figs. 11, 12). The basal

tooth of the mandible ends in three approxi-

mately equal cusps. The right fifth foot is

chelate (fig. 16).

Candacia catiila (Giesbrecht, 1889)

(Plate 31, figs. 17-22; plate 32, figs. 1-6)

Pacific records: Scott, 1909; Tanaka, 1935b; Farran,
1936; Mori, 1937; Dakin and Colefax, 1940; Mori,

1942; Wilson, 1942; Anraku, 1952; Tanaka, 1953;
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Tsuruta and Chiba, 1954b; Chiba, Tsuruta, and Maeda,

1955; Nagaya et al., 1955; Yamazi, 1958a.

Vessel : Station Occurrence

Hugh M. Smith 178 present.

Do 63 2 females, 1.56, 1.63

mm.; 2 males,

1.46, 1.53 mm.

Stranger 34 7 females, 1.60-1.67

mm.; 2 males,

1.53, 1.62 mm.
Orsom 10 1 female, 1.53 mm.;

1 male, 1.43 mm.
Horizo7i 32 1 female, 1.59 mm.

Remarks : This is a small species, the females

of which have a symmetrical genital segment

(figs. 17, 19). The ventral surface is produced

into a lobe (figs. 18, 20). The basal tooth of

the mandible ends in 3 cusps, the lowermost

one of which is quite small (fig. 21). The fifth

foot terminates in 3 unequal points (fig. 1).

The male posterior thoracic margins are sym-

metrical (figs. 2, 4) and the chela of the right

fifth foot is small. The thumb of the chela has

a long spine protruding from its tip (fig. 6).

Candacia hispinosa (Glaus, 1863)

(Plate 32, figs. 7-14)

Pacific records: Scott, 1909; Parran, 1929; Tanaka,

1935b; Farran, 1936; Mori, 1937; Johnson, 1942; Wil-

son, 1942; 1950; Honjo, 1952; Tanaka, 1953; Anraku,

1954b; Tsuruta and Chiba, 1954b; Chiba, Tsuruta,

and Maeda, 1955; Motoda and Anraku, 1955; Nagaya
et a!., 1955; Chiba, 1956; Heinrich, 1957b; Honjo et al.,

1957; Heinrich, 1958a; Yamazi, 1958a.

Vessel : Station Occurrence

Hugh M. Smith __ 153 3 females, 1.66-1.80

mm.
Do 178 1 female, 1.60 mm.

Stranger 34 1 female, 1.67 mm.;
1 male, 1.73 mm.

Orsom 10 1 female, 1.56 mm.;
1 male, 1.56 mm.

Satsuma 32 1 male, 1.70 mm.

Remarks : This species and the following two

species, C. simplex (Giesbrecht) and C. tnin-

cata (Dana), differ in a few details (e.g., struc-

ture of right, first antenna in male and fifth

feet in both sexes) from the preceding nine

species. It has been suggested by Sars (1903)

that these three may have to be removed from

the genus Candacia.

The female of C. hispinosa has two spine-like

protrusions arising from the genital segment

(fig. 7). These protrusions, particularly the

one on the left side, are quite variable in shape
and in size. In one specimen (Smith 178) the

left protrusion reaches nearly to the anal seg-

ment. There is a small rounded knob arising

from the ventral side of the genital segment
near the posterior end (fig. 8). The pre-anal

segment is asymmetrical. The left side is di-

lated near the anterior end, but there is some

variation in the size of the protrusion. The

ventral surface of this segment may or may not

have a row of hairs arising from near the pos-

terior end. The basal tooth of the mandible is

undivided, but one or more spine-like processes

are present on this tooth (fig. 9). The large

terminal finger-like protrusion of the distal seg-

ment of the fifth foot is finely serrate on both

sides (fig. 12).

Segment 20 of the right first antenna of the

male is swollen distally (fig. 13). There are 3

outer edge spines on the distal segment of the

right fifth foot (fig. 14). The proximal spine

is shorter than the distal two spines. The

penultimate segment of the left fifth foot is en-

larged and the outer edge seta of the distal

segment is shorter than the terminal ones.

Candacia simplex (Giesbrecht, 1889)

(Plate 32, figs. 15-18; plate 33, figs. 1-5)

Pacific records: Scott, 1909; Farran, 1929; 1936;

Mori, 1937; Johnson, 1942; Mori, 1942; Wilson, 1942;

19.50; Tanaka, 1953; Tsuruta and Chiba, 1954b; Chiba,

Tsuruta, and Maeda, 1955; Nagaya et al., 1955; Rose,

1955; Chiba, 1956.

Occurrence

1 female, 1.93 mm.
8 females, 1.7.3-1.87

mm.; 3 males

1.73-1.83 mm.
144 present.

153 1 female, 1.67 mm.
178 2 females, 1.90 mm.;

1 male, 1.80 mm.

Remarks : The genital segment of the female

is slightly asymmetrical and has a group of

small hair-like structures which are visible on

the right side (figs. 15, 16). The terminal

finger of the distal segment of the fifth foot is

Vessel: Station

Hugh M. Smith __ 94 —
Do 132 —

Do
Do
Do
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PLATE 32.

SCALES

I

0.05mm
, piGS, 1,5,6,9,1 1,12,17,18

0.5 mm
^ FIGS. 2,3,7,15,16

FIGS. 4,13,14

FIGS. 8,10

Plate 32.— (1) Candacia catula, female, fifth foot; (2) male, dorsal view; (3) lateral view; (4) abdomen,
dorsal view; (5) left fifth foot; (6) right fifth foot; (7) C. bispinosa, female, dorsal view; (8) abdomen, right

side; (9) gnathal lobe of mandible; (10) second maxilla; (11) maxilliped; (12) fifth foot; (13) male, segments
16 to 21 of right first antenna; (14) fifth pair of feet; (15) C. simplex, female, dorsal view; (16) lateral view;
(17) gnathal lobe of mandible; (18) fifth foot.
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PLATE 33.

SCALES

0.05mm
FIGS. 8,10

I

0-5mm
, PIGS. 1,2,6,7,11,12

,

°-'""^
i FIGS. 3,5,14,15

FIGS. 4,9,13

Plate .33.— (1) Camlacia simplex, male, dorsal view; (2) lateral view; (3) segments 17 to 21 of right first

antenna; (4) second maxilla; (5) fifth pair of feet; (6) C. truncata, female, dorsal view; (7) lateral view;

(8) gnathal lobe of mandible; (9) second maxilla; (10) fifth foot; (11) male, dorsal view; (12) lateral view;

(13) abdomen, dorsal view; (14) segments 15 to 20 of right first antenna; (15) fifth pair of feet.
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PLATE 34.

SCALES

0.05 mm
-« FIGS. 7,16,17

°-^""^
. FIGS. 4,11,13,14

FIGS. 1,10,12,15

FIG. 2

FIGS. 3,5,6,8,9

0.1 mm.

Plate 34.— (1) Pontella securifer, male, forehead, lateral view; (2) distal end of right first antenna; (3) fifth

pair of feet; (4) P. tenuiremis, male, dorsal view; (5) forehead, lateral view; (6) fifth pair of feet; (7) left fifth

foot; (8) La6?rfocera defruncafa, female, abdomen, dorsal view; (9) lateral view; (10) fifth pair of feet; (11) Pon-

tellina plumata, female, dorsal view; (12) fifth pair of feet; (13) male, dorsal view; (14) lateral view; (15) fifth

pair of feet; (16) Acartia danae, female, fifth foot; (17) A. negligens, female, fifth pair of feet.
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finely serrate on the external margin (fig. 18).

Of the 2 internal setae on this segment, the

distal one is appro.ximately twice the length of

the proximal one. The male thorax and ab-

domen are symmetrical (figs. 1, 2). The right

fifth foot is similar to that of C. bispinosa (fig.

5). The left fifth foot terminates in 3 setae,

the middle one of which is the longer. The

penultimate segment is not particularly en-

larged.

Canilaciu Irniicala (Dana, 1849)

(Plate 33, figs. 6-14)

Pacific records: Scott, 1909; Yamada, 1933a; Ta-

naka, 1935b; Farran, 1936; Mori, 1937; Dakin and

Colefax, 1940; Mori, 1942; Wilson, 1942; Tanaka, 1953;

.\nraku, 1954b; Tsuruta and Chiba, 1954b; Chiba, Tsu-

ruta, and Maeda, 1955; Motoda and Anraku, 1955;

Nagaya et al., 1955; Chiba, 1956; Heinrich, 1957b;

Honjo et al., 1957; Yamazi, 1958a; 1958b; Grice and

Jones, 1960. As C. tiirgida: Wilson, 1950.

Vessel :
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two characters plus the structure of the fifth

feet (fig. 10) will identify the female. No
male was found in the present collections.

Pontellvia pliimata (Dana, 1849)

(Plate 84, figs. 11-15)

Pacific records: Scott, 1909; Farran, 1929; 1936;

Mori, 1937; Dakin and Colefax, 1940; Mori, 1942; Wil-

son, 1950; Anraku, 19.52; Tanaka, 1953; Anraku,

1954b; Tsuruta and Chiba, 1954b; Chiba, Tsuruta, and

Maeda, 1955
;
Motoda and Anraku, 1955

; Nagaya et

al., 1955; Chiba, 1956; Heinrich, 1958a; Yamazi, 1958a.

Vessel :
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ABSTRACT

Distribution and abundance of eggs and larvae of the jack mackerel,
Trachurus symmetricus (Ayres), and survival of the larvae are described,

utilizing quantitative data collected on monthly cruises of the California

Cooperative Oceanic Fisheries Investigations during 1951-54.

Spawning in the period 1951-1954 occurred from Washington to

Magdalena Bay, Baja California. In each of the 4 years it began in

February and ceased by October. The peak month of spawning was
March in 1951 and May in 1952, 1953, and 1954. About 30 percent
of the spawning occurred during the peak month. Estimates of egg
abundance varied by less than a factor of 2 during the 4 years studied.

The effect of temperature on the rate of development of eggs was

investigated. Regression statistics are given \ for the developmental
rate. Reliability of the regression was checked by direct observation

of developing eggs at controlled temperatures.
The annual estimates of survival for 1952, 1953, and 1954 indicate a

reasonably constant survival of month-old jack mackerel larvae in

these years.

The growth rate of jack mackerel larvae was approximated from

data derived by direct observation of developing jack mackerel larvae

under laboratory conditions and was described by two successive

logarithmic growth curves. The second curve originates at yolk sac

absorption and has the lesser slope.

Survival data may be broken into two periods: the first period,

concurrent with the fast growth period, is characterized by poor sur-

vival and may be the critical period; in the second, survival is much
better and growth much slower.



ABUNDANCE AND DISTRIBUTION OF EGGS AND LARVAE AND SURVIVAL
OF LARVAE OF JACK MACKEREL (TRACHURUS SYMMETRICUS)

By David A. Farris, Fishery Research Biologist

Bureau of Commercial Fisheries

The purposes of this study are to delimit both

spatially and temporally the spawning of the

jack mackerel, Trachurus symmelricus (Ayxes)
1885, and to estimate the abundance of the

eggs and the survival rate of the larvae. Quan-
titative data collected on monthly cruises of the
California Cooperative Oceanic Fisheries Investi-

gations, 1951 through 1954, are utilized in the

study.

Data derived from the stud}^ of eggs and larvae

may give insight into the present abundance and
future fluctuations of the adult population, and
estimates of larval mortalitv' may aid in predict-

ing future recruitment to the fishery. With
knowledge of the fecundity, estimates of egg
abundance may be used to ascertain the present
size of the adult population. These data may
also be compared vni\\ phj'sical, chemical, and
other biological data gathered by the California

Cooperative Oceanic Fisheries Investigations.
To accomplish the stated purposes of this study,

the following information was needed:
1. Boundaries of the area occupied by devel-

oping eggs and larvae.

2. Seasonal distribution of the eggs and larvae
within those boundaries.

3. Quantitative depth distribution of the eggs
and larvae.

4. Relation between temperature and rate of

development of eggs and larvae.

The author appreciates the help and encourage-
ment given him by E. H. Ahlstrom, D. E.

Wohlschlag, and John C. Marr during the course
of this study; the assistdnc* of O. E. Sette in the

preparation of the manuscript; and the valuable
advice of Bruce Taft in the preparation of the

statistical portion of this paper. George Mattson
prepared most of the figures. Also, without the

help of members of the Cahfornia Marine Re-
search Committee and its cooperating agencies
and the staff of the South Pacific Fishery In-

vestigations
'

this study could not have been
undertaken. The laborious proofreading was
done by Mrs. Paula K. Farris.

REVIEW OF THE FISHERY

The carangids most commonly found in the area

surveyed by the California Cooperative Oceanic
Fisheries Investigations are listed by Barnhart

(1936) and Fowler (1944). The family is largely

tropical or subtropical in its distribution, Tra-

churus symmetricus being a notable exception.

Only three members of the family are taken in any
numbers by the California Cooperative Oceanic
Fisheries Investigations: yellowtail, Seriola dor-

mlis Gill; Mexican scad, Decapferu.<t hypodufs Gill;

and jack mackerel, TrachuruN syinmetncus (Ayres).
The larvae of all tliree species are known, so that

identification is possible. The yellowtail and jack
mackerel are the only carangids of any economic

importance in the area (Clothier and Greenhood,
1956).

Well over 80 percent of the jack mackerel fishery
is located in waters off southern California (i.e.,

from Point Conception to the Mexican border).

In some j-ears 99 percent of the catcli is made in

this region. Less than 1 percent of tlie total catch

is taken in waters as far north as Eureka, Cali-

fornia (i.e.. Point Conception to Evu-eka).

Before 1947 the jack mackerel catch never ex-

ceeded 7,550 tons (Rocdol, 1949: p. 31-32), and
since then it has not fallen below that figure. Dur-

ing 3 years, 1947, 1950, and 1952, the catch ex-

ceeded 62,500 tons. The fluctuations of the jack
mackerel catch more or less complement fluctua-

tions in the sardine catch (Clothier and Greenhood,
-Note—The author's official address is San Diego State College, San Diego,

Cali/omia.

Approved for publication. May 25, 1959. Fishery Bulletin 187.

' Presently the Bureau of Commercial Fishoriis Biological Laboratory.
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1956: p. 8 and 12). The catch fluctuations since

1947 arise primarily from three causes: (1) Avail-

ability of sardines and Pacific mackerel, (2) fluc-

tuations in demand for canneil jack mackerel, and

(3) availability of tlie jack mackerel. Since jack
mackerel are packed as "substitute sardines,"
catch data do not necessarily reflect the size of the

adult population. Eventual independence of the

industry is assured, however, by the world's in-

creasing need for cheap protein and bj^ techno-

logical advances in the packing of this species.

Jack mackerel are taken with a variety of gear;

however, more than 99 percent are taken with

purse seines and lampara nets. The operation of

this gear is described by Scofield (1951). Some
jack mackerel are taken b}' sport fishermen using
live bait. In 1953, the sport catch was unusually

large, nearly 200,000 fish being taken (Fitch, 1956:

p. 27). However, this catch amounts to less than
2 percent of the commercial catch.

E.xcept for a minor amount used in the fresh-fish

market, the commercial catch is used for canning.
Jack mackerel are principally packed sardine style,

usually in tall, 1 pound cans. A small part of the

catch is packed in other ways.
To date, the catch of jack mackerel has not un-

dergone any sustained decline. Therefore, all the

previously mentioned data take on an added signif-
icance when one considers that manv fishery in-

vestigations are initiated after the industry has

experienced a decline in the number of catchable
fish (Walford, 1948). By noting the variations in

the strength of spawning, stock size, mortahty,
et cetera, now while fishing mortality is relatively
low, future observations under conditions of higher
fishing mortality should permit the assessment of

the effects of man on the population size of the jack
mackerel.

METHODS OF COLLECTING DATA

Since this study of jack mackerel constitutes but

part of a larger and more comprehensive studv of

the ecology of pelagic fishes off the coast of Cali-

fornia, the methods used are those originated by
the Bureau of Commercial Fisheries Biological

Laboratory at La Jolla and adopted by the stafl"s

of the California Cooperative Oceanic Fisheries

Investigations. These methods iiave been planned
to maximize the amount of information obtainable
from this ecological province.

The methods used in collecting and processing
these data, with a summary of the previous year's
work are found in reports of the California Marine
Research Committee, the sponsoring organization
of the California Cooperative Oceanic Fisheries

Investigations, for 1950, 1052, 1953, 1955, and
1956. More detailed explanations are given by
Alilstrom (1948 and 1953), and in the following
discussion.

The station pattern and numbering sj^stem are

described in Station Positions of the California Co-

operative Sardine Research Program, prepared bj'

the Scripps Institution of Oceanography and the

U.S. Fish and Wildhfe Service (1952). The sta-

tions laid out in lines occupied during the period
1951-54 are shown in figure 1. The exact location

of each station (at each occupancy) during 1951-

54 is given by Staff, South Pacific Fishery Investi-

gations (1952, 1953, 1954, and 1955). A plankton-
net tow (Ahlstrom, 1953), Nansen bottle cast,

and bathj'thermograph cast are made at each

station. Temperature data are obtained from
the reversing thermometers on Nansen bottles

and from bathythermograms. The obliquely
hauled plankton net is retrieved from a depth of

approximately 140 meters (200 meters of wire out)

at an average rate of 20 meters of ware per minute.

The angle from the vertical of the towing wire is

kept as close as possible to 45 degrees. A current

meter placed in the mouth of the net measures the

volume of water strained. The sample obtained

is preserved in its entirety in a buffered formalin

solution, and these preserved samples are subse-

quently examined for fish eggs and larvae. The
numbers of jack mackerel larvae and localities in

which they were taken during 1952-54 are given
in Ahlstrom (1954a) and Ahlstrom and Kramer

(1955, 1956). The numbers of jack mackerel

eggs and localities in which they were taken in

1951-54 are given by Farris (1958).

ESTIMATING EGG ABUNDANCE
The method used to estimate egg abundance

has been described in detail by Sette and x\hlstrom

(1948) and Ahlstrom (1954b). The monthly esti-

mates of egg abundance are obtained from the

relation—
n

Cm=^ CtW,t,

where

C\/= the monthly estimate of egg abun-

dance
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n=the number of stations considered

Cj=the average number of eggs spawned

per day at the ith station^

Wi= the weighting factor for space in

standard area (i.e., units of 10 m^
of sea surface)

ti=the time factor which is eciual to

one-half the time from the preceding

occupancy of the station pUis one-

half the time to the succeeding

occupancy.

An annual estimate of abundance is obtained

by summing the monthly estimates for the entire

year.

The eggs are identified and the number belong-

ing to each species is recorded by station. The

count for each station is adjusted so that all re-

sults are expressed as the number of eggs under a

standard area which is 10 square meters of sea

surface (Ahlstrom, 1953). This standardized haul

value (c'«) is the product of the raw count times a

standard haul factor, which is derived for each haul

by dividing 10 by the average volume of water

strained per meter of depth for the entire water

column.

EFFECT OF TEMPERATURE ON LENGTH
OF INCUBATION PERIOD

The length of the incubation period (dt) is

dependent on temperature of the water mass in

which the eggs are developing, and may be pre-

dicted if the temperature coefficient for the rate of

development is known.

The effect of temperature on the rate of develop-

ment of jack mackerel eggs has been derived by
two methods. In the first method, the eggs were

taken from the sea shortly after they had been

spawned, placed in a fish egg incubator (see appen-
dix A) and observed at 4-hour intervals until they
hatched. The temperature of the water in the

incubator was maintained at about 14° C, the

temperature of the sea water from which the eggs
were collected. The observed hatching time was
108.5 hours. This experiment was repeated 1 year
later at 15° C, with an observed hatching time of

84 hours.

The second method, which is indirect, was de-

veloped by Ahlstrom (1943) for the Pacific sardine

and was also successfully used by Gamulin and

Hure (1955) for sardines in the Mediterranean

Sea. A series of arbitrarily chosen but precisely

defined morphological stages is selected. Such a

series of stages is described for jack mackerel in

appendix B. The jack mackerel eggs from station

samples are separated into stages and counted

(Farris, 1958: table 2, p. 7-11).

Several successive days of spawning are indi-

cated by the stage frequency modes present in

each sample. A mode is interpreted as repre-

1500 1800 2100 2400 0300

TIME OF COLLECTION

0600 0900 1200

' a is derived as follows: Qi=cJ<ii where ci
= the standard number of cgps

at the ith station: d,= the time interval in days from spawning to hatching.

Figure 2.—Stage-I jack mackerel eggs collected in 1951

by hour of collection. All stage-I eggs collected at a

particular hour are expressed as a proportion of the total

stage-I eggs for the year.

senting 1 day's spawn, inasmuch as spawning is

limited to a short period each night and the modes

represent stages separable by a day as determined

from incubation experiments.

The time of day at which spawning takes place

was determined by plotting the relative abundance

of precleavage eggs (stage I) against time of col-

lection (fig. 2). The time the samples were

collected is given in a report of the South Pacific

Fishery Investigations (1952). These data showed

the time of maximum spawning for jack mackerel

was approximately midnight.
The age of the earliest stage is computed by

subtracting the hour of collection from midnight.

The age of the second mode is estimated by adding

24 hours to the age of the first mode, and the age



DISTRIBUTION OF EGGS AND LARVAE OF JACK MACKEREL 251

of subsequent modes is determined in the same
manner.

Temperature data for the stations were supplied

by the Scripps Institution of Oceanography. If

the temperatures ^\athin the upper 30 meters of

water did not vary bj' more than 0.1° C, the data

from the station were used.

The effect of temperature on rate of develop-
ment was shown by a regression of log hours of

development against temperature for each stage.

F= hours of development
X= temperature °C.

Log Y=a+bX
Separate regressions were made for three stages

(table 1) so that the regression statistics might be

compared. If a relation exists between rate of

development and temperature, the slopes for the

three regressions should be about the same. The

F-intercepts were not compared, since the lines

are almost parallel and occur at different levels;

the intercepts, as one would expect, are different.

Table 1.— Temperature regression coefficients for the rate

of development of jack mackerel eggs

Statistic
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for the month to give an estimate of total monthly

egg abundance {Cm)-

ESTIMATES OF EGG ABUNDANCE AND SEASONAL-
REGIONAL DISTRIBUTION OF SPAWNERS

Using the method of Ahlstrom (1954b) pre-

viously described, the monthly estimates by region

were obtained for the 4-year period, 1951-54

(tables 2-5). Spawning does not occur uniformly

over the area throughout the spawning season and

the seasonal-regional variation is discussed in the

following section.

The estimates of egg abundance revealed that

during this 4-year period, the highest annual esti-

mate (1951) was less than twice that of the lowest

(1954). Furthermore, no trend was apparent
from 1951 through 1954. Spawning averaged 666

trillion eggs per year, with a range of 873 trillion

to 462 trillion.

The seasonal distribution of spawners was in-

ferred from the monthly estimates of egg abun-

dance and the number of eggs spawned per month

expressed as a percent of the annual total for each

year. Although the percentages have been car-

ried to hundredths, no statistical significance

should be attached to these postdecimal places

which merely serve to indicate trace amounts of

spawning. These figures are given in the last row

in tables 2 through 5.

Table 2.—Estimated number (in billions) of jack mackerel eggs in survey area, 1951

[Cruise numbers in parentheses. No eggs taken during cruises 6101 and 5U0 to 6112]
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The regional (north-south) distribution of

spawning fish was inferred from the regional dis-

tribution of eggs. The number of eggs found in a

region was expressed as a percent of the total for

all regions (i.e., annual total). These figures are

given in the last column in tables 2 through 5.

The lines comprising each region are as follows :

Region

1

2
3
4

5

6,

Area

Northern California..
Southern California
Northern Baja California

Upper central Baja C-.ilifornia.

Lower central Baja California,

Southern Baja California

Lines

40-77
80-93
97-107
110-120
123-137
140-157

A slightly different approach was used to

elucidate the offshore-inshore distribution. Un-
like the preceding section, only selected stations

on selected lines were used, because the selected

data were more quickly and easily handled, and
because these particular selected stations had the

most regular coverage, having been occupied
almost every month throughout the 4 3-ears

studied.

Only those lines and stations that are multiples
of 10 were used (e.g., lines 40, 50, and 60, but
not 63, 67, or 73, and stations 40, 50, and 60, but

not 45, 55, or 65), e.xcept for the most inshore

stations. The standardized nimibers of eggs

Table 3.—Estimated number (in billions) of jack mackerel eggs in survey area, 1952

[Cruise numbers In parentheses. No eggs taken during cruises 5210 and 5211]
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(instead of estimates of abundance) for these

selected lines and stations were summed by 2-

month intervals from February to July. The

bimonthly totals for the lines were divided by
the bimonthly totals for the entire area to give

the bimonthly percentage of eggs found on the

line. To estimate the offshore-inshore move-

ments, stations 100 and seaward (offshore) were

grouped together, stations 70-90 (intermediate)

were grouped together, and stations 60-shore

(inshore) were grouped together for each line.

The station groups were summed bimonthly and

the percentage of the bimonthly total for each

of the three station groups was computed (tables

6, 7, 8, and 9). Table 10 presents a comparison

of the estimates of relative regional abundance

obtained from the standardized numbers of eggs

at selected stations on selected lines and the

regional distribution based on estimates of abun-

dance using all data. Since the north-south

regional distribution indicated by the selected

data agreed with the north-south distribution

indicated by all the data, no distortion was

anticipated in using the selected data to reveal

the offshore-inshore distribution.

Table 4.—Estimated number {in billions) of jack mackerel eggs in survey area, 19BS

(Cruise numbers in parentheses. No eggs taten during cruises 6301, 6309, 6311, and 5312)
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Table 5.—Estimated number (in billions) of jack mackerel eggs in survey area, 1954

[Cruise numbers in parentheses. No eggs taken during cruise 5412)
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Table 6.—Relative north-south, inshore-offshore distribu-

tion of jack mackerel eggs by 2-nionth intervals for 1951

[Standard haul totals]

Table 8.—Relative north-south, inshore-offshore distribu-

tion of jack mackerel eggs bij 2-month intervals for 1953

(Standard haul totals]

Line
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Table 10.—Comparison of estimates of regional distribution

using selected stations on selected lines and all data, 1951-54
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boundaries were established from data collected

on regular survey cruises of the California Coop-

erative Oceanic Fisheries Investigations (Farris,

1958). Spawning areas are approximately bound-

ed by the 26th parallel on the south, the 45th

parallel on the north, the coast of North America

on the east, and the 150th meridian on the west.

SOURCES OF ERROR AND BIAS IN

SAMPLING EGGS

These data and subsequent interpretations are

subject to errors inherent in the collection proce-

dures. The types of error investigated and

evaluated were (1) completeness of retention of

eggs by the nets; (2) completeness of sampling of

the vertical range; (3) sampling error owing to a

variable distribution of eggs in space and time;

and (4) incomplete sampling of the horizontal

range of jack mackerel spawning.

RETENTION OF EGGS BY THE NETS

The eggs are fully retained by the net once

they are in it, because the plankton nets have a

stretched mesh of 0.5-0.7 mm. (Ahlstrom, 1953),

and the spherical eggs range in diameter from

0.9-1.1 mm (Ahlstrom and Ball, 1954). It would

appear, therefore, that no eggs are lost through

the mesh of the sampling net.

SAMPLING OF THE VERTICAL RANGE

Investigation of the vertical distribution of

jack mackerel eggs (Ahlstrom, 1959: table 7)

with a horizontally towed closing net reveals that

most of the eggs occur in the upper 40 meters of

water. Jack mackerel eggs have rarely been

taken below 100 meters, and never below 140

meters. The bulk of the eggs have occurred

above the thcrmocline. Since plankton hauls are

routinely made from a depth of 140 meters, which

has always included the thermocline depth, it

seems likely that the vertical distribution of jack
mackerel eggs is completely sampled.

VARIABLE DISTRIBUTION OF EGGS

The distribution of jaclt mackerel eggs is vari-

able with respect to both time and space. An
illustrative example is given in figure 5. The
standard numbers of jack mackerel eggs for line

97 have been plotted by station for 4 months.

5,000

45
STATIONS

Figure 5.—Standard numbers of jack mackerel eggs fovmd

on line 97 during 4 months.

The average number of eggs per station by month

is given below.

Year: April May
1953 181 1,116

1954 762 143

The average station on hne 97 in May 1953

contained six times as many eggs as the average

station in the preceding month. Assuming that

this change was rectihnear in time, the estimate

would be altered considerably, depending on which

day of the month the sample was taken.

Spatial variability is indicated by the data for

April 1954, in which a change of 1 order of magni-

tude occurs within 20 miles. There is at least

one such combination of adjacent stations having

as great a change in the distribution of jack

mackerel eggs for each cruise illustrated. The

grid of stations occupied is too coarse except for

fairly rough estimates of egg abundance. Al-

though more frequent sampling of more closely
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spaced stations is highly desirable, such samphng
cannot be effected, since it would raise the current

cost of sampling prohibitively.

The monthly samphng of the Cahfornia Coop-
erative Oceanic Fisheries Investigations grid of

stations has all but precluded the simple assess-

ment of the error associated with these estimates

of abundance. Although the construction of the

proper statistical model was not mthin the scope

of this investigation, I was able to make an

estimate of the error arising from the practice

of hnear interpolation of egg numbers in time and

space. This calculation was possible because in

1953 and 1954 stations which were only 20 miles

apart were occupied, and the samples contained

jack mackerel eggs. In 1952, a few stations

containing jack mackerel eggs were occupied in

late March.

The errors arising from stratification in space

(i.e., spacing sampling stations 40 miles apart) and

time (i.e., spacing sampling cruises 1 month apart)

were considered. Standard numbers of eggs for

stations 20 miles apart-
—obtained by linear inter-

polation of values obtained from stations 40 miles

apart^
—^were compared with values actually ob-

served. In hke manner, standard numbers of

eggs for stations sampled at intervals of one-half

month^—obtained by linear interpolation of ob-

served values from stations sampled at monthly
intervals—were compared with the values actually

observed. The differences should be zero if no

error arises from linear interpolation through space
and time. Since the average difference cannot be

expected actually to equal zero, owing to sampling

variability, the 95-percent confidence limits for

both estimates were computed. These limits

should include zero.

The error arising from spacing the sampling
stations 40 miles apart was estimated using data

from selected stations on selected lines. (Stations

having no eggs were not used.) These stations

were placed 20 miles apart. An estimated value

was given for every other station by a process of

linear interpolation of values between the remain-

ing stations which were 40 miles apart. These

interpolated values were then compared with the

actual number of eggs found at the stations and

the difference (Aj) calculated. (A(=obscrved
standard number of jack mackerel eggs minus

estimated number of jack mackerel eggs.) The
deltas were averaged to give A, the average differ-

5S0553 O—61 3

ence between the observed standard number of

jack mackerel eggs and the number calculated by
linear interpolation.

The frequency distribution of A< was plotted

and appeared to be normally distributed (fig. 6).
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Figure 7.—Relation of A,- (the difference between ob-

served and estimated numbers of jack mackerel eggs)

and the number of eggs observed at the ith station.

compared with the number actually observed and

the difference (A,) noted. (A(= the standard num-
ber of jack mackerel eggs estimated by linear

interpolation minus the number actually ob-

served.) The differences were averaged to give
a mean difference (A) between the estimated num-
ber of eggs and the actual number of eggs. The

average difference (A) was minus 11, with a vari-

ance of 3370. The 95-percent confidence hmits

on A are minus 47 to plus 25.

Although the individual errors arising from the

practice of linear interpolation of jack mackerel

eggs in time and space were high and variable, the

average error tended toward zero. I concluded

that for a large number of samples (i.e., inter-

polations) the error arising from linear interpola-

tion of the number of eggs in time and space was

negligible.

A further indication of irregularities in the

spatial and/or temporal distribution would be the

nonconcurrence of eggs and larvae in the sampling
areas. In table 11 the occurrences of eggs and

larvae, by regions, are compared. In region 1,

Table 11.—Occurrences of jack mackerel eggs and larvae, by month and region, 1952-54
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there are more occurrences of eggs than of larvae,

while in region 5, the converse is true. This may
indicate southern transport of the larvae by the

California Current.

The high proportion of stations occupied in

region 2 at which eggs or larvae were taken is a

further indication (see also tables 3, 4, and 5) that

this is the region of maximum spawning activity.

A comparison of total occurrences of eggs with

total occurrences of larvae is interpreted as

indicative of a distribution more regular than that

encountered for other pelagic eggs and larvae

(e.g., sardines).

SAMPLING OF THE HORIZONTAL RANGE OF
SPAWNING

To determine the proportion of the total annual

spawning which might be missed by failure to

extend the sampling far enough seaward, the

proportion of eggs taken beyond stations 90 (the

usual seaward extent of sampling) was computed

(see column 100—seaward in tables 6, 7, 8, and 9).

This areal proportion was multiplied by the pro-

portion of annual spawning that occurred during

the appropriate 2-month interval (tables 2, 3, 4,

and 5) to give a bimonthly estimate of the pro-

portion of annual spawning which might be

missed by failure to extend the sampling suffi-

ciently seaward (table 12). It would appear

that at least 21 percent of the annual spawning
has occurred seaward of stations 90, and that a

portion of the eggs has been missed in those years

when monthly sampling was not extended beyond
that point.

Table 12.—Proportion of jack mackerel spawning occurring

seaward oj station 90, by 2-month intervals, 1951-54

Month
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Table 13.—Temperature distribution at 10 meters of stations having jack mackerel eggs, hy season and size of sample, 1951-S4

[Id 0.6° C. intervals]

Temperature
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1
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Table 18.—Annual mean, median, and modal temperatures

at which spawning occurred, 1951-54

[At 10 meters; In °C.]

Year
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been relatively constant. In 1952, of the 593

trillion eggs estimated to have been spawned, only
780 billion larvae are estimated to have sm-vived

at the end of 30 days. In 1953, 736 trillion eggs
were estimated to have been spawned and 850

billion larvae are estimated to have siu-vived,

while in 1954, 462 trillion eggs were estimated to

have been spawned with 830 billion larvae the

estimated survivors at the end of the first month
of life. This indicates an average survival (for

the first month of life) of a little more than 1 larva

per 1,000 eggs spawned.

Table 20.—Regional distribution of jack mackerel larvae, by month and size class, 19S2

[In billions]

Area and month
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The slope of the abundance curve is not con-

stant. Survival during the first 9 days is verj' low

but after this initial period, it is better. The

inconsistency in the estimates of larvae older than

40 days is most likely due to sample variation.

These estimates are made from small numbers of

observations and have therefore a large error

associated with them.

Although these data are in some respects quite

limited, they are comparable with the survival

data collected by Sette (1943) for Atlantic mack-
erel and Ahlstrom (1954b) for Pacific sardine.

Table 21.—Regional distribution of jack mackerel larvae, by month and size class, 1963

[In bUUoDS]

Area and month
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Table 22.—Regional distribution of jack mackerel larvae, by month and size class, 1954
[In billions]

Month and area
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Table 24.—Percentage of each size class of jack mackerel larvae, occurring in each region, 19SS-S4

Year and region
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.2-
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ANCHOVY

JACK MACKEREL

2

DAYS

3

PAST HATCHING

Figure 12.—Growth curves of jack mackerel, Pacific

sardine, and northern anchovy. (Open circles indicate

complete absorption of the yolk.)

from the line. The comparison of the two slopes

indicated that the initial relative growth rate is

about five times that of the later relative growth
rate.

Table 26.—Regression statistics for the relative growth rate

of jack mackerel larvae

Section A: days 1

through 3

Section B: days 4

through 8 ---

0.328

.486

0.0C7

.013

0. 0091

.0017

Syh

0.01)10

.0184

1.3

3.1

0.614

.687

The relative growth rates of the other two

species (Pacific sardine, Sardinops caerulea, and

northern anchovy, Engraulis mordax) illustrated

in figure 12 are similar to the growth rate shown

for jack mackerel. In addition, the relative

growth rate of the sardine as determined by direct

observation (6
= 0.018) is in good agreement with

the relative growth rate (6
= 0.019) determined by

Ahlstrom (1954b) using an indirect method

(Farris, 1959: p. 33). Ahlstrom, working with

preserved material, was able to follow length-

frequency modes through time.

Although growth has been described by two log

curves instead of one, either would have served as

well for estimating survival. The abundance of

a size class is given by the following equation :

C=
i=l

c'tWftt

where

C= estimate of total abundance of larvae

of size class

C(=standard number of larvae belonging to

the size class at the ith station

W(=area factor proportional to area of the

t'th station

<(=time factor equal to one-half the time

from preceding ocupancy plus one-half

the time to succeeding occupancy

d<= duration of size category in days, i.e.,

the number of days used by larvae to

grow from the lower-size boundary to

the upper-size boundary of the size

class

71=number of stations considered.

The effects of 1- and 2-phase growth on mortal-

ity estimates were compared by recomputing

estimates of abundance for sardines given by
Ahlstrom (1954b: p. 133). In recomputing abun-

dance of yolk-sac larvae, the fonnula used was—
Duration of size category (days) =

log r'-log V

0.081
'

where 0.081 is the log increase in length per day

of the larvae, I' is the lower boundary of the

size-class interval, and I" is the upper boundary

of the size-class interval. The duration of size

category for the remaining size categories of

larvae is given by—

logZ"-logr
0.018

The results of the recomputation are given in

table 27 under the heading "double phase," and

may be compared with Ahlstrom's figures. The

slight differences in average age for given size

may be due to shrinkage of the larvae upon

preservation in formalin.

Since relative growth rates derived from labo-

ratory observations on the first 5 days in the life

of a sardine could be extrapolated and reconciled
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with field observations, it was assumed that the

extrapolation could be made for jack mackerel, too.

An analysis of successive length-frequency

diagrams has not been used because the time

interval between successive cruises is too great

for the estimation of a rapid growth rate. Sec-

ondly, any changes in the survival of larvae

between cruises would influence the length fre-

quencies; hence the changes would alter the

estimation of the growth parameter and thereby
alter the estimates of annual survival. A growth
rate derived from direct observation has the

advantage of being independent of variation in

survival.

T.\BLE 27.—Estimates of abundance of young sardine, using

single phase and double phase growth curoes, 1950

(Single phase after Ahlstrom (1954b))

Category

Single phase:
Egg - -
Yolk-sac larvae.
Larvae:

4.75 mm
5.75 mm
6.75 mm
7.75 mm
8.75 mm
9.75 mm
10.75 mm

Double phase:
Egg
Yolk-sac larvae:

3.25 mm
4.75 mm

Larvae:
5.75 mm
6.75 mm
7.75 mm
8.75 mm
9.75 mm
10.75 mm

Size range
(mm.)

2. 26- 4. 25

4.2&- 5.25
5. 26- 6. 25
6.26- 7.25
7. 26- 8. 25
8. 26- 9. 25
9. 26-10. 25
10.26-11.25

2. 26- 4. 25
4. 26- 5. 25

5.26- 6.25
6.26- 7.25
7. 26- 8. 25
8. 26- 9. 25
9. 26-10. 25
10.26-11.25

Duration
(days)

3.0
3.5

4.8
3.9
3.3
2.9
2.6
2.3
2.1

3.0

1.9
6.1

4.2
3.5
3.1

2.7
2.4
2.2

Average
age (days)

1.5
4.8

13.2

16.8
20.0
22.7
25.1

27.3

1.5

3.9
7.5

12.1

15.9
19.2
22.1
24.7
27.0

Estimated
abundance

285, 676

11,850

10. 778

5,590
6.197
5,931
4,834
3,738
2,880

285, 676

21,829
10,144

5,191
5.843
5. 648
4.655
3,582
2,749

The regression statistics of section A (table 26)
were used to estimate the duration of the various

size categories of jack mackerel through the

3.0-nim. size class and the regression statistics

of section B for all size classes thereafter. The
duration of the size category (in days) through
the 3,0-mm. size category is given by—

\ogl"-\ogl'
0,067

where /" is the upper boundary' of the size class,

and /' is the lower l)oundarv.

The duration of the size category (in days) for

all remaining size categories is given by—

\ogl"-\ogl'
0.013

The average age for any size category is given

by summing the duration of size class for shorter

size classes and adding one-half the duration of

the size category under consideration. For ex-

ample, the average age of the 4.5-mm. size cate-

gory is obtained hy summing the durations for

categories, eggs through 4.0 (15.6) and adding
one half of 3.7. The average age is 17.4 days.

The coincidence of the absorption of the yolk-
sac and the inflection of the survival curve is

tentatively interpreted as follows :

Basic mortality rates of pelagic fish eggs and

yolk-sac larvae are high owing to factors intrinsic

to the eggs and inherent in the species; most of

those which are unfit have died before absorbing
their yolk or die shortly thereafter; the survivors

beyond the critical stage now survive at a higher

rate because they have successfully negotiated

the change in nutrition (i.e., from yolk to copepod

eggs and nauplii). A more comprehensive expo-
sition of this hypothesis is given by Farris (1960).

SOURCES OF ERROR AND BIAS IN
SAMPLING LARVAE

In the section on sources of error in egg

sampling, some of the more obvious sources of

error and bias were examined. These same

sources of error were examined in sampling pro-

cedures for larvae. In addition, the avoidance of

the net by the larvae might be added as a source

of error.

RETENTION OF LARVAE BY THE NETS

Incomplete retention by the net of some small

size classes of larvae becomes a serious problem.
Estimates of abundance were made for the 2.0-

and 2.5-ram. size classes of larvae in 1952 (table

25). These estimates are lower than the estimated

abundance of the 3.0-mm. size-class larvae, indicat-

ing that the smaller size classes were undersampled.
Larvae less than 3.0 mm. in length, meeting the

mesh head on, are able to pass through and do not

appear in our collections in proportion to their

true abundance. Estimates for these size classes

were not made in 1953 and 1954.

Figure 4, from Ahlstrom and Ball (1954) suggests

that the head depth may be 10 to 20 percent

greater tlinn the body deptii at the pectoral. If

this is so, the maximum depth of the 3.0-mm.

larvae is greater than the maxinuini mesh opening
of tlie sampling net (0.55 mm. after shrinking
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and 0.7 mm. before shrinking). As the larvae

grow longer, their bodies grow increasingly deep

and they are therefore retained within the sampling

net. Evidence that larvae 3.0 mm. and longer

would be retained once they are in the plankton

net is given in table 28.

Table 28.—Standard length and body depth at pectoral of

jack mackerel larvae

[Measurements in millimeters]

Average standard length
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SAMPLING OF THE HORIZONTAL RANGE

It was shown that incomplete samphng of the

entire range of jack mackerel spawning introduced

an error of at least 21 percent of the estimated total

egg population. This error appears to be reduced

for the estimates of larvae. A very small propor-
tion of the 30-day and older larvae is taken sea-

ward of stations 90 (tables 30, 31, and 32). These

tables were constructed using the standard numbers
of jack mackerel larvae (6.75 mm size-class) for all

stations sampled during the year. The data

were grouped by 2-month intervals about selected

sampling lines and further grouped to reflect the

offshore-inshore distribution of the larvae as was
done with the eggs (see p. 253). The data seem to

indicate that almost all the 30-day-old larvae are

to be found in an area bounded by line 80 on the

north, line 110 on the south, stations 90 on the

west, and the coast on the east. Some larvae are

found both to the north and south of the main
area. This area is far more restricted than that

exhibited by the distribution of the eggs (see

above) .

Table 30.—Relative north-south, inshore-offshore distribu-

tion of 6.75-mm. (30-day old) jack mackerel larvae, by
2-month intervals, 1962

[Standard haul totals]

Table 31.—Relative north-south, inshore-offshore distribu-

tion of 6.76-mm. (30-day old) jack mackerel larvae, by
2-month intervals, 1353

[Standard haul totals]
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Table 32.—Relative north-south, inshore-offshore distribu-

tion of 6.75-mm. {30-day old) jack mackerel larvae, by

2-month intervals, 1954

[Standard haul totals]



DISTRIBUTION OF EGGS AND LARVAE OF JACK MACKEREL 275

6 8 10 _
SIZE OF LARVAE IN MM.

Figure 13.—Ratio of the average number of jack mackerel
larvae per night haul to the average number taken per
day (N/D), by size class, 1952-54.

implication was that as the larvae grew larger and
stronger they were better able to dodge the net.
This increase in ratio with size is true not only of
the sardine, but also of the anchovy, the hake, the
Pacific mackerel, et cetera (Ahlstrom, personal
communication; Bridger, 1956).

It is, indeed, surprising to find that jack mack-
erel do not behave in this manner. All jack
mackerel data for 3 years have been combined in

figure 13. The N/D ratio for the 7.75-mm. size

class has been deleted because one of the samples,
which was unusually large, prevented comparison
of this size class with the other size classes. A
least-squares line has been fitted to the data
Y=a+ bX, where X=size in millimeters and
Y=N/D ratio. The regression statistics are

a=1.06; 6= 0.006; ^^.= 0.196; X=6.0; T=1.10-
S6=0.057.

The slope of the regression is not significantly
different from zero. The interpretation placed
on these data is that jack mackerel do not dodge
the net despite their apparent ability to do so.
The eyes are pigmented and presumably func-
tional about the time the yolk is absorbed (at

approximately 3.5 mm.), and larvae at yolk-sac
absorption are capable of movement. Ahlstrom
(personal communication) believes that jack
mackerel larvae can swim as well as the sardine
larvae.

SUMMARY

The distribution and abundance of jack mack-
erel eggs is described for 4 years, 1951 through
1954. The early survival of jack mackerel larvae
is described for 1952, 1953, and 1954. The data

were obtained from monthly cruises during which
an average of 150 stations was occupied.
Jack mackerel spawned in an area bounded by

the 26lh parallel on the south, the 45th parallel
on the north, the west coast of North America on
the east, and the 150th meridian on the west.
Most of the spawning occurred in a more restricted

area, the boundaries of which varied from year to

year. Eggs were mainly confined to the upper 40
meters of water.

Spawning usually began in February, reached a

peak in May, and ceased by October. The peak
of spawning in 1951, which occurred in March, is

considered abnormally early.
The temperature coefficient for the rate of egg

development was derived by a regression of log
hours of development on temperature in degrees
centigrade. Jack mackerel eggs kept under con-
trolled temperature conditions (in an incubator)
hatched at the time predicted by the derived

temperature coefficient.

The estimates of egg abundance for 1951, 1952,
1953, and 1954 are 8.7X10'*, 5.9X10'*, 7.4X10'*,
and 4.6X10'*, respectively.
The survival at the end of a 30-day period for

1952, 1953, and 1954 was 131, 112, and 179 larvae

per 100,000 eggs spawned, respectively. The
variation was considered insignificant. An in-

crease in surAaval rate during the second v>-eek of

larval life was noted.

The relative growth rate of jack mackerel
larvae was approximated from observations on

laboratory populations. The relative growth dur-

ing the first 3 days is more rapid by a factor of 5

than the relative growth of the succeeding 4 days.
The onset of the slower growth is correlated in

time with yolk-sac absorption.
An area which is bounded by line 80 on the

north, line 110 on the south, stations 90 on the

west, and the coast of California and Baja Cali-

fornia on the east has been shown to contain
almost all the month -old larvae.
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APPENDIX

A. FISH EGG INCUBATOR

Description

When estimating the total abundance of pelagic

fish eggs it is necessary to know the rate of develop-

ment. Since this parameter varies with tempera-

ture it has been customary in the past to compute
a regression of log hours of development against

temperature in tenths of a degree centigrade. This

indirect method, while very accurate, is extremely
laborious and time consuming. A more direct

method was desired, and \vith this need in mind,
an incubator was designed for use at sea.

Since most of the biological material is taken

well offshore, and since hatching times are rela-

tivelj' short, it is necessary to work at sea. Some
of the many technical problems that are peculiar

to sea work and their solutions are described here.

The pitch and roll of ships cause delicate equip-

ment to be damaged quite easily, and the need for

sturdy construction is readily apparent. Instru-

ments such as this one should be portable, since

they have a limited use and cannot be left aboard

research vessels indefinitely. A compromise be-

tween sturdy construction and portability of an

egg incubator was effected by resorting to a double-

box construction, using marine pljnv'ood. The

temperature-sensing and temperature-control de-

vices were of a mechanical nature. A heavy duty,

stainless steel sensing element enclosing a mercury
colmnn was employed. The mercury column ac-

tivated a mechanical linkage in the thermostat,

which in turn opened and closed an electrical

switch. The circulating pump and cooling device

were remote from the incubator itself, but con-

nected by garden hoses (appendix fig. 1). The

RUBBER GASKET

THERMOSTAT

INFLOW

TEMPERATURE
,.««tl» ^ SENSOR

WATER BATH

JAR RACK

OUTFLOW

CLAMP
LOCK

PUMP a
COOLING UNIT

Appendix Figure 1.—Fish egg incubator.

separation of units contributed to the portability

of the instrument.

Corrosion from the salt air which attacks most

metals was controlled by using a synthetic resin

paint on all exposed parts of the incubator. Other

structures were concealed in corrosion resistant

housings.

Temperature control (± 0.2° C. of selected tem-

perature) was obtained by using the main water

mass in the water bath as a heat reservoir. As the

water mass warmed, the change in temperature
was recorded by the sensing element and the water

routed through the cooling mechanism. It was

believed that temperature changes in the incuba-

tion chambers were small, because the main water

mass was so large, by comparison, that a large

amount of heat would have to be transferred before

anj^ appreciable temperature change in the incu-

bation chambers would occur.
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The eggs were incubated in pint or quart mason
fruit jars. The pint jars had glass tops held in

place by a spring clamp; the quart jars were wide-

mouthed and equipped with plastic lids.

Procedure for use

While the vessel is still at the dock, the incu-

bator and cooling mechanism are secured to the

deck. The water bath is filled with fresh water

(which causes less corrosion in the cooling system
than salt water) and the circulating and cooling

motors are started. Operability of the thermostat

is checked.

Once the vessel is in the collecting area, the

thermostat is set so that the water in the water

bath assumes the same temperature as the sea.

Later on, at the time the biological sample is re-

ceived, a bathythermograph reading is taken and

the thermostat adjusted. The fruit jars are filled

with sea water from the area and the samples

placed in them. A small air space is left at the

top of the jars to aid aeration of the sample. The

jars are then placed in the jar rack and locked into

place. From then on the operation is automatic,

although temperature readings should be taken

frequently to assure that the incubator is operating

properly.

General specifications

The outside dimensions of the incubator were

32 inches by 32 inches by 35 inches deep. The
inside dimensions, the perimeter of the water bath,
were 26 inches by 26 inches by 26 inches. Both
the inside and outside boxes were made of 5^-inch

marine plywood fastened together with brass

screws. The space between the boxes was filled

with an insulating material. The inside box was
lined with copper sheeting that had been soldered

at the joints and was therefore watertight. The

jar rack also was made of copper. The individual

chambers of the bottle rack were 4 inches square
and accommodated either pint or quart wide-

mouthed jars.

The copper lining was pierced by three holes:

one for inflowing water, one for outflowing water,
and one for the temperature-sensing element.

The lid was fastened by two heavy metal strap

hinges and tliree clamp locks. A sponge-rubber
gasket prevented leakage.

The water in the water bath was circulated by a

Jabsco pump and cooled by a Temprite cooler.

The temperature control was maintained by a

Partlow thermostat. Two j4-inch plastic garden
hoses with brass fittings connected the pump and
cooler with the water bath. All exposed surfaces

were painted with green plastic paint.

B. STAGING SCHEME OF JACK MACKEREL
EGGS

Stage I.—Unfertilized eggs or fertilized eggs be-

fore cell division.

Stage II.—Begins when the first cell becomes
visible on the yoke and ends at the completion
of blastodisk formation (at about the 256-cell

stage).

Stage III.—Starts at the completion of blastodisk

formation and terminates when the germ ring

has migrated to its greatest diameter (half-way

up the egg).

Stage IV.—Begins as the germ ring moves up-
ward over the greatest diameter and ends when
the germ ring lies over the oil globule, prior to

blastopore closure.

Stage V.—Begins at blastopore closure and ter-

minates when the tail bud starts to separate

from the yolk.

Stage VI.—Begins when the tail bud becomes free

of the yolk and ends when the caudal one-eighth

of the body is free of the yolk.

Stage VII.—Begins when the caudal one-eighth

of the body is free of the yolk and ends when
the caudal one-quarter of the body is free of the

yolk. A finfold is visible.

Stage VIII.—Begins when the caudal one-quarter

of the body is free of the yolk and the tip of the

tail approaches the chin. The tail portion of

the embryo begins to rotate out of the em-

bryonic plane and the finfold is moderately
wide.

Stage IX.—This stage is characterized by the tip

of the tail laterally approaching the head. The

oil globule comes to lie in the anteroventral

portion of the yolk sac. The finfold is wide and

fuUy formed. This stage terminates when the

embryo hatches.

Disintegrate.
—Includes all jack mackerel eggs

whose internal structure is such that staging is

impossible.
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Appendix Figure 2.—Stages of jack mackerel egg development.
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ABSTRACT

Commercial catch records of the Hawaii sliipjack fishery for 1952 (a poor year) and

11)53 (a good year) are summarized by area and time of catch and by size composition. A
unit of fishing effort and its appropriateness are discussed. Geographical distribution of

the catch and effort is determined and the two years are compared. Movements of skipjack

throughout the fishery are analyzed. The usefulness of the raw catch and the catch per

unit of effort as indexes of abundance are considered, and some conjectures as to the nature

of the population supporting the fishery are offered.



DISTRIBUTION AND ABUNDANCE OF SKIPJACK IN THE
HAWAII FISHERY, 1952-53

By Herbert H. Shippen, Fishery Research Biologist,

Blreau of Commercial Fisheries

A study of the environmental factors that may
influence the availability of the skipjack {Katsu-
wonus peJamis) to the Hawaii fishery was begun

by the staff of the U.S. Fish and Wildlife Service

Biological Laboratorj' (Honolulu, Hawaii). Be-

cause the index of availability is to be based on

records of commercial skipjack landings, an analy-

sis of these records is an essential part of this

study.

HAWAII SKIPJACK FISHERY

The skipjack, or aku, is the most important com-

mercial species of fish in Hawaii, both in terms of

quantity landed and dollar value. The 11 million

pounds caught and sold for $1,260,000 in 1956 con-

stituted about 70 percent of the total catch of

marine species and 40 percent of the value received

by Havraii fishermen during that year. Most of

the catch is canned, but a small amount, estimated

at less than 10 percent, is sold fresh.

June (1951) and Yamashita (1958) have de-

scribed the fishery in some detail. Since World

War II, the skipjack fleet has consisted of approxi-

mately 15 to 20 sampans based in Honolulu, with

a few boats based at the islands of Kauai, Maui,

and Hawaii. A sampan usually carries a crew of

8 to 15 men. The fishermen rely on the presence

of flocks of wild birds to locate skipjack schools.

The fish are caught on pole-and-line after being

attracted to the boat by chumming with live bait.

The fishery is seasonal with large catches gener-

ally occurring in the summer and small catches in

the winter months. Catches have fluctuated

widely in recent years (fig. 1). Tlie skipjack

taken weigh from 2 to 30 pounds. The most

sought after size is the 17- to 22-pound fish, known

to the fishermen as "season fish.'' Brock (1954, p.

Note.—Approved for publication February 24, 1961. Fishery
Bulletin 195.

96) estimates these to be either in their second or

third year of life. The reason for the seasonal

fluctuation in the catch appears to be the migra-

tion of season fish into and out of the area of the

fishery, but the direction and significance of this

migration in the life history of the species are

largely miknown.
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I wish to thank the staff of the Hawaii Division

of Fish and Game who collected the fish-catcli re-

ports that form the basis of this study. Vernon E.

Brock and Tamotsu Shimizu made their data

available for study. Additional information was

received from Saul Price of the U.S. Weather -Bu-

reau who furnished the data on small craft warn-

ings. Peter Wilson of Hawaiian Tuna Packei's,

Ltd., was instrumental in obtaining the logbooks
from two fishing sampans; and Dr. Robert Riffen-

burgh suggested certain useful statistical

procedures.

UTILIZATION OF DATA

The fish-catch reports (fig. 2), completed by the

fishermen, were used in this study. Ite^is in these

reports are treated as follows :

Thme of catch.—The interval from the begin-

ning of 1952 througli 1953 was divided into bi-

weekly periods (table 1). Catch reports were

grouped by periods according to date of landing.
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dates on which fish were unloaded from the vessel.

It is from this list, and other data, that fishing

eilort was estimated.

Eaoli usable catch repoi-t was assumed to de-

scribe tiie results of a single trip of tlie ves.se].

Each boat has an official number-of-crew, which

is reported to the U.S. Customs ( Yamasliita, 1958,

table A-1 ) . Tliis figure, a constant for each vessel,

was assigned as a weight to each usable catch re-

port to represent the amount of effort expended in

TERRITORY OF HAWAII
BOARD OF COMMISSIONERS OF AGRICULTURE AND FORESTRY

DIVISION OF FISH AND GAME

FISH CATCH REPORT
Name of Permittee Boat Permit No.

Nome of Boat FG No-

Type of Fishing J Fishing Gear

FORM C 1 5 B 93859 lOM StTS-7-51

Ai



284 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

,..



SKIPJACK IN HAWAII FISHERY 285



286 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

Each year is divided into the more productive

and less productive parts; for convenience these

are called summer and winter, respectively (rows

1 and 2 for each boat and year). The number of

trips per biweekly period (col. 7) and number of

day's fishing per biweekly period (col. 9) are

greater during summer, but the ratio of trips to

day's fishing (col. 10) is not markedly different in

the two seasons, although trips are somewhat

longer in winter.

Nonproductive trips (col. 5) occur with greater

frequency (col. 6) in winter than in summer, and

there is a tendency for the number of productive

trips per day's fishing to be greater in summer.

Differences in the number of productive trips per

day's fishing are also apparent between years, as

in 1953 there were generally more productive trips

per day's fishing than in 1952.

To summarize the performances of the two

boats, it appears that the ratio of productive trips

to the nvmiber of day's fishing is greater during

times of good fishing and smaller during times of

poor fishing. Since trips are shorter when the fish-

ing is good and there are also fewer nonproductive

trips, the actual effort in terms of day's fishing will

usually be underestimated dui"ing the periods of

poor fishing as compared witli periods of good

fishing.

Variations from the official number of crew will

also affect the accuracy of the estimate of fishing

effort. The official number is a maximum and

variations will usually mean that fewer than the

official number are aboard. In the Hawaiian skip-

jack fleet, boats ordinarily carry the maximum
number of crew during the summer season, after

which some men leave to find other employment.
In this study, since the official (maximum) num-
ber of crew has been used throughout the year as

a weight for the individual trip, the "fisherman"

factor in the productive fisherman-trip is probably
overestimated during the times of poor fishing.

Thus, the biases in the productive fisherman-trip
between times of good and poor fishing tend to

cancel each other because during the winter season

and years of generally poor fishing, longer trips

and the increased frequency of nonproductive

trips cause an underestimation of the actual time

spent fishing while, at the same time, the actual

number of fishermen on the boat is likely to be

fewer than the official number. The converse will

hold true during the summer season and in years
when good fishing attracts the maximum number

of fishermen to the fleet.

Information is not available to permit the ex-

amination of the actual variations in the number
of fishermen and the extent to which they offset

the bias introduced by nonproductive trips, but if

boat ^4 is assumed to represent the average situa-

tion, the number of productive trips per day's fish-

ing (col. 11) appears to be about 10 percent greater
in summer than in winter. Since the crew of the

average skipjack boat is about 10 men, the absence

of one of these men on the average during the

winter season represents a 10-percent overestima-

tion of the number of fishermen. Thus, the ab-

sence of one fisherman per boat during the winter

season would be sufficient to equalize the bias in

the productive trip factor introduced during the

winter season.

SOURCES OF ERROR

Unreported catches or forms containing incom-

plete or inaccurate information are an obvious

source of error. Yamashita (1958, p. 258) esti-

mates that the reported portion of the 1952 catch

included di percent of the pounds, but only 88 per-

cent of the trips, indicating a bias in favor of the

reporting of large catches. Since small catclies are

most likely to occur in the slack part of the year,

there may be a tendency for an estimate of the fish-

ing effort, which is a function of the number of

trips, to be correspondingly reduced.

Inaccurate information is difficult to detect

without data from other sources with wliicli to

compare the catch records. On the basis of inter-

view records, Yamashita (1958, p. 258) estimates

that only 45 percent of the statistical areas indi-

cated in the 1952 catch reports were reasonably
accurate. By means of bi-oad geographical divi-

sions to summarize the data (fig. 4), it is assumed

that the effects of such erroneous information will

be minimized.

ERROR IN DETERMINATION OF FISH SIZE

Dividing the total weight caught by the esti-

mated number as indicated in the catch report,

yields the average size of fish caught, but provides
no indication of the range or variability of sizes.

Since the entire catch is assigned to eitlier the

small or large category on the basis of the average
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weight per fish, a certain amount of error will re-

sult from mixed catches of small and large fish;

this error should disti-ihute itself more or less ran-

domly, however, so that neither size group is

consistently favored.

ERROR IN ESTIMATION OF FISHING EFFORT

There is no way to determine from the catch

records the actual effort, i.e., the fisherman-days

whether productive or not, put forth on a skipjack

boat. In this study only positive fishing results

(catch' reports) are available, and the productive

fislierman-trip is of necessity used in lieu of the

fisherman-day. Sources of error in the productive

fisherman-trip have been discussed in the section,

Clioice of the Unit of Fishing Eifort, and on the

basis of the performance of two skipjack boats for

which logbooks are available, it appears to be a

reasonable substitute.

OTHER SOURCES OF ERROR

The weight of the catch of skipjack taken in tlie

Hawaiian live-bait fishery is affected by complex
factors which present sources of error that are

difficult to estimate. Among these factors are

variations in bait supply, response of skipjack to

chum, behavior and niuuber of birds in the flocks

which serve to locate schools, the size and behavior

of the skipjack schools, selection by the fishermen,

and probably several others.

Yamashita (1958, p. 270) has discus-sed the

problem of ascertaining the influence of variations

in bait supply on the skipjack catch in terms of

annual production and suggests that in certain

years, when skipjack have been plentiful, the

availability of bait may be a limiting factor in the

fishery. Royce and Otsu (1955) have investigated

many aspects of Ijeliavior of skipjack schools and

birds; Yuen (1959) has studied the response of

skipjack to live bait.

In the present study no attempt has been made
to evaluate the sources of error introduced by the

factors considered alx)ve. Information available

is not adequate to discern which of these may be

important at any particular time. It seems reason-

able that most of these factors act relatively in-

dependent of one another so that over a period of

time their combined effects should not introduce

bias. However, it is just as plausible that at cer-

tain times several of these elements may act in

unison resulting in considerable deviation from

the normal state. The investigation of the role of

these factors in the fishery awaits a more sophisti-

cated study than is attempted here or is possible

with the present sources of information.

CONCLUSIONS ON SOURCES OF ERROR

None of the sources of eri-or appears to be so ex-

tensive as to destroy the usefulness of the catch

report as the basis for a study of distribution and

abundance. Some of the sources of error tend to

reduce the bias introduced by othei'S. With re-

spect to time, geogi-aphy, and size, the categories

employed in this study have deliberately been

made broad. Were the study concerned with only
a few vessels, very short time periods, or several

size groups, the probability of error would be in-

creased, but as only the most general of categories

are used, the influence of error on the results

should be slight.

RESULTS AND DISCUSSION

There are small discrepancies between the official

total catches for 1952 and 1953 as listed by Yama-
shita (1958, table 2) and the totals obtained in the

present study (table 3). These differences amount
to 1 percent and are probably the result of catch

reports, which were turned in too late to be in-

cluded in official summaries and to records lost or

misplaced during the interval of storage. The

pi-oportion of unusable data in 1953 was greater

than in 1952 (table 4). largely because of the poor

Table 3.—Comparative data from 2 studies of the Ha-

waiian skipjack catch for lHoZ and 1953



288 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

reports from the master of one sampan who con-

sistently summarized his catches by weeks

throughout much of the year.

GEOGRAPHICAL DISTRIBUTION
OF 1952 AND 1953 CATCHES

Desjiite the large differences in total landings in

1952 and 1953, the geographical distribution of

catch and effort (table 5, tig. 5) is much the same.

In both years the leeward Oahu and Hawaii re-

gions furnished approximately 50 and 16 percent

of the total catch, respectively, and the oceanic

region and Maui were relatively unimportant with

less than 8 percent in the aggregate. The com-

bined windward Oahu and Kauai regions con-

tributed about 25 percent of the total catch in each

year, but in 1953 a much larger proportion of this

came from windward Oahu.

Within the vicinity of Oahu, the distribution of

effort appears to be related to the distance from
the home port ;

the amount of effort expended in

the zones decreases as their distance from Hono-
lulu increases. This is probably because of the

fragile nature of the nehu {Stoleplionis pur-

fureus), the most important bait species.

CATCH PER UNIT OF EFFORT IN THE
HAWAII SKIPJACK FISHERY

If the regions of the fishery from Hawaii in the

southeast to Kauai in the northwest are arranged
in sequential order (fig. 6), there is some sugges-
tion of an increasing catch per unit-of-effort in the

direction of Kauai, but the inequities in the distri-

bution of effort and certain known differences in

the local fisheries make it doubtful that the ap-

parent trend is of biological significance. The
Hilo (Hawaii) fishermen usually make short trips
and land each day's catch on the day it was made,

Table 5.—Geographical distrihiitlon of the 1952 and 1953 usable catch data

[See fig. 4 for location of zones; C/E= catch/effort]
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Figure 5.—Geographical distribution of catch and effort in the Hawaiian skipjack fishery, 1952 and 1953.

whereas the trips by Honolulu-based fishermen to

the vicinit_y of Kauai are longer than a single day ;

therefore, tlie differences in tinie-of-trip between

the two areas are probably significant.

Siniilarl}-, catch per unit of effort tends to in-

crease with increasing distance from shore ( fig. 7) .

Only a fraction of the total effort was expended
in the oceanic region as compared with the effort

inshore, and a few good catches of large fisli may
have produced an index far out of proportion to

the actual apparent abundance. Royce and Otsu

(1955, p. 18), however, report sighting more tuna

schools per day's scouting beyond 19 miles from

shore than were seen within 19 miles of shore.

SIZE OF SKIPJACK AND POUNDS CAUGHT
PER UNIT OF EFFORT

There is a positive correlation (fig. 8) between

the average size of skipjack caught in zones of the

fishery during the year (table (i) and correspond-

ing catch per unit of effort (table 5). Zones with

less than 5 percent of the total annual effort are

not included in the analysis because they ai'e un-

likely to represent fishing conditions througliout

the year. This correlat ion appears to substantiate

the observation that tlie larger skipjack usually

can be caught more efliciently than the smaller, up
to the size at which individuals must be gaft'ed in

landing and the efficiency drops.
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Hawaii may be explained by the nature of tlie

fishery there, wliich is based hirgely on semi-

resident popidations of small skipjack. Other

populations of small fish are known to occur in

inshore areas of leeward Oahu (oL) ,
and these are

usually exploited wjien the large skipjack are in

low abundance and produce the intermediate aver-

age weight for zone 5L. Zones oW and 2L are

more remote from Honolulu than is 5L, and it

seems probable tliat the fishery in fliese zones may
be biased in favor of ])er-iods when lai'ge skipjack
are available, which could account for llie rela-

tively greater average weight per fisii in these

zones of the hshei'y.

IS 10

S

 1952; 7.376,443 POUNDS
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DISTRIBUTION OF 1952 AND 1953 CATCHES
BY BIWEEKLY PERIODS

Catches for the Entire Fishery

Only during July and August (periods 14-17)

and briefly in December (period 25) did the 1952

skipjack catches reach the magnitude of the 1953

totals (fig. 9). In particular, the spring of 1953

and, to a lesser extent, the autumn months pro-

vided much larger catches than occurred in 1952.

Effects of Small Craft Warnings

There were 49 days with small craft warnings

during 1952 and 17 during 1953 (fig. 9), but only

6 of these fell in the interval from April through

September in 1952 and none in 1953. The effects

of rough weather, thei-efore, appear to be rela-

tively minor in comparison with the seasonal

fluctuation in the availability of skipjack.

The immediate effects of poor weather may be

indicated by the relatively small catches made dur-

ing periods 1, 2, 5, 6, 23, and 24 of 1952, each of

which had several days with small craft warnings.
Period 25, on the other hand, shows an increase in

catch despite 5 days of poor weather.

MOVEMENTS OF SKIPJACK WITHIN
THE FISHERY

Local changes in the skipjack catch within the

entire range of the fishery may result from changes
in the amount of fishing effort or from changes in

availability. The latter may include horizontal

movement of the fish into or out of a particular

area or, within an area, a change in the vertical

distribution or behavior such that the catch rate

by live bait fishing is affected. The records of the

fishery, however, provide no means by which one

or the other cause may be determined, and it is

therefore assumed for the purposes of this discus-

sion that all changes in the catch are caused by
movements of fish from one area to another.

Thus, errors, if any, are likely to be on the side of

postulating a horizontal movement of fish when
there has been a change in vertical distribution,

behavior, or fishing effort. This approach seems

to be the most reasonable one, because tagging ex-

periments show that individual skipjack travel the

length and breadth of the fishery, while knowledge
of changes in availability and fishing effort, par-

ticularly if nonproductive, remains quite limited.

Large Skipjack

After an interval of low abundance throughout
the islands during the early part of 1952, large

skipjack (fig. 10) appeared simultaneously in

small numbers in leeward Oahu and Kaiu^i in

period 8. In period 10 the fish arrived in wind-

ward Oahu and Hawaii. This sequence suggests

an approach from the west. In period 12, a con-

centration centered in windward Oahu occurred;

it appears to have shifted northward to Kauai by

periods 15 and 16. In jieriod 17, however, the

catches of large skipjack ceased in Hawaii and

began to dwindle in Kauai, but at the same time

the largest catches of the year were being made in

leeward Oahu. All these changes seem to indicate

that the large skipjack had returned to the leeward

side of the island chain. The gradually diminish-

ing catches from Kauai and leeward Oahu in

periods 18 through 20 indicated the withdrawal of

season fish to the westward. After period 20, the

numbers of large skipjack in the catch returned to

the state of low variable abundance which char-

acterizes the off-season of the fishery.

During the interval from period 25 (1952) until

period4 (1953) the number of large skipjack taken

in all regions of the fishery was uniformly low, a

condition typical of the winter season. In period

5, however, a sharp increase occurred in the catch

of large skipjack in the leeward Oahu region. To

judge from the variation in average weights (fig.

12), these fish were 1952-season fish, being some-

what heavier than 1953-season fish which entered

the fishery in period 9. These 1952-season fish ap-

peared in the catches during periods 5, 7, 8, and

9 and were the cause of the apparent early begin-

ning of the "season" in 1953 (fig. 9).

In period 9 of 1953, the season fish were present

throughout most of the fishei-y (note the declining

average weights in periods 9 and 10, fig. 12) but

the large catches in leeward Oahu in periods 10

through 12 suggest that the direction of the ap-

proach of the main body of fish was from the lee-

ward. As in the previous year, a peak occurred

early in the season in windward Oahu (period 12,

1952; period 13, 1953), and in succeeding periods

the fish dispersed southward to leeward Oahu and

Hawaii where large catches were made in periods

15-17. Following the excellent catches of period

17, the best of the year, a gradual decrease in catch

occurred, and by period 23 the season was over.



SKIPJACK IN HAWAII FISHERY

1952 1953

293

KADAI

- I IllL

KADAI

  I

- WINDWARD
OAHU

.1



294 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

which appears to be perpendicular rather than

parallel to the barrier formed by the islands. The
relative speed with which schools travel, which

may reach 15 knots (Eoyce and Otsu, p. 18), may
be such that a period of 2 weeks is too long to dis-

cern a migi-atoiy pattern within an area as small

as that encompassed by the Hawaiian skipjack

fishery.

Small Skipjack

Examination of the numbers of small skipjack

caught and the corresponding catch per unit-of-

effort data revealed no discernible pattern of move-

ment within the fishery. Large skipjack are the

prime objective of the fishery and the smaller sizes

are usually taken as a second choice. The number
of small skipjack in the catch, therefore, tends to

be a function of the number of large fish available.

The relationships between the numbers of large
and small fish in the catch are discussed under the

section, Size Composition.

OAHU SKIPJACK FISHERY, 1952 AND 1953

STATISTICAL COMPARISONS

The comparative statistics for 1952 and 1953 in

the Oahu region are summarized in table 7. In

almost every way, 1953 reflects the greater avail-

ability of skipjack than in the previous year, as

evidenced by (1) a mucli larger catch, (2) almost

half as much fishing effort, and (3) a larger catch

per unit of effort. The number of small skipjack

caught (4b) and pounds caught per unit of effort

(3b) are not markedly different between years, but

the catch of large fish, both in absolute numbers

(4a) and on a relative basis (3a), is considerably

gi-eater in 1953. Most of the differences between
the 2 years can be attributed to the abundance of

this size group in the fishery.

Independently of size considerations, the num-
ber of fish taken per biweekly period in 1953 was

larger than the corresponding number in 1952 (5

and 6) . The relative abundance of large and small

skipjack in the 2 years is indicated by the nimiber

caught per unit of effort (7) wliicli is greater for

the small fish in 1952 and for the large fish in

1953. The importance of the abimdance of large
fish to the success of the fishery may be measured

by the comparative number of biweekly periods in

the various categories (8).

Table 7.—Comparative statistics for the Oahu fishery,
1952 and 1953

1. Total pounds caught
(Percent of total for skipjack fishery).

a. Large skipjack only
b. Small skipjack only

2. Total productive elTort _-_

a. Large skipjack, percent
h. Small skipjack, percent

3. Pounds caught per unit of effort, all

usable catches
a. Large skipjack only, ___

b. Small skipjack only
4. Total number of flsh caught

a. Large skipjack only
b. Small skipjack only

5. Average number caught per biweekly
period

6. Median number of skipjack caught in
each year for the 26 biweekly periods.

7. Number of fish caught per unit of
effort _.

a. Large skipjack only
b. SmaU skipjack only

8. Number of biweekly periods with—
a. more than 300,000 pounds catch.
b. more than SOO units Ashing ef-

fort

c. more than 400 pounds catch per
unit of effort

19S2
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with caution, however, because the fishei-y is

limited geographically to the immediate island

area (fig. 4). Furthermore, the catches are also

influenced by availability, fishing effort, and selec-

tivity on the part of the fishermen, which may not

be constant throughout the year. Brock (1954, p.

100-103) ha? shown, by means of sex ratios, that

the availability of female skipjack is not constant.

He suggests that spawning activity may be the

crucial element. The cyclical nature of fishing

effort has been shown previously (fig. 11), and the

fact that the fishermen are selective in the schools

they fish is common knowledge. These biases

appear to have an annual cycle and between-year

comparisons may not be affected by them to the

extent of within-year comparisons.

Fluctuations In the Catch of Large Skipjack In the

Oahu Region

The growth rate of Hawaiian skipjack has been

studied by Brock (1954, pp. 96-97) by means of

length frequency distributions. During the sum-

mer there are two distinct modes, one at about 45

cm. (4 pounds) and one at about 70 cm. (18

pounds) } The mode of large skipjack represents

season-fish and presumably a smaller number of

the previous year's season-fish. It is this mode

that is considered here as large skipjack. The time

of year when a mode, which Brock assimies to be a

year class, passes through the weight ( 10 pounds)
which separates small and large fish in this study,

is apparently winter or early spring. During the

period from May to October, it may be assumed

with reasonable certainty that the small skipjack
are a year younger than the large skipjack.

In 1952 there appears to be little consistency in

the average weight for large skipjack (fig. 12),

which fluctuates widely from one biweekly period
to the next. By contrast, 1953 has an interval

from May 3 through October 3 (periods 10-20)

with a regularly increasing weight for large fish.

The rate of this increase, 0.25 pound per week, is

in agreement with Brock's curve for skipjack

growth, which yields a linear weight increase of

0.25 pound per week. The coincidence of the sea-

son of gi-eatest productivity (as indicated by the

> ConverslonH of length (millimeters) to weigh (pounds) were
made accordilng to the formula: Log welght= — 8.2755-|-3.34913
loc total length.

Figure 12.—Catch of large skipjack in the Oahu region,

1952 and 1953.

number of large fish caught) with the interval of

uniform weight increase suggests that in 1953 a

single population of season skipjack was available

to the fishery, but the erratic fluctuation in the

numbers taken indicates that variations in this

availability were quite marked.

Period 5 of 1953, with its unusual numbers of

very large fish, must consist of skipjack greater in

size than the 1953-season fish. It seems probable

that these very large skipjack are 1952-season fish,

which were present only briefly that year. The

relatively high average weights during other

periods of early 1953 imply that 1952-season fish

may have been generally present during that time.

In early 1952, on the other hand, few of the previ-

ous year's season fish were present, as judged by

the average weights during periods 4 to 7.
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Size Composition

Small skipjack are usually sought by the fisher-

men only wlien they are unable to locate larger

fish. One would expex't. therefore, that the occur-

rence of small fish in the catch would be invei-sely

related to the presence of the larger skipjack, and
this does seem to be the situation. The numbers of

large and small skipjack taken in the Oahu fishery

in each biweekly period of the 2 years under stud,v

is plotted in figure 13. In 28 biweekly periods

(1952, 8-20; 1953, 8-22) when large skipjack were

generally pi-esent, a tabulation was made to see

how frequently the changes in the number of one

size group were associated with similar or opposite

changes in the other. Opposite trends, e.g., the

number of large skipjack decreases from the pre-

ceding period while the number of small skipjack

increases, occur in 22 periods while similar trends

occur in 6. The probability of obtaining such a

distribution if the numbers of large and small fish

in the catch fluctuate independently of one another

is less than 0.01.

Size composition appears to be important in tlie

determination of the general level of catch (fig.

14) and the pounds caught per unit-of-effort (fig.

15). Both increase rapidly with an increasing

proportion of large fish up to a ratio of 1 large fish

for 1 small fish. Above this ratio the total catch

continues to increase at a fairly rapid rate, but

catch per unit of effort increases at a slower rate.

The likelihood of catches of large numbers of

indivduals seems to be loosely linked with the size

composition. During the interval included in this

study, the largest numbers of skipjack were taken

either when small fish were especially numerous
and very few large fish were available or when

large skipjack were in a majority (fig. 16) . When
small fish outnumber the large, but are less than 10

times as numerous, there seem to l>e factors that

work against the capture of a large number of

individuals. These factors, if they exist, are prob-

ably related to the distribution of the various size

groups in the population which supports the fish-

ery. A hypothesis concerning the structure of this

population is offered below.

Conjecture

In order to account for the variations in appar-
ent abundance of particular size groups in the

catches, it is necessarj' to hypothesize a skipjack

population consisting of at least three and pos-

sibly one additional element. In the approximate
order of their importance to the success of the

fishery in 1952-53. these are as follows:

Group A : "Season fish," approximately 17-22

pounds in, weight, which Brock assumes to be in

either their second or third year of life. This

group is migratory.

1
—

I

—
I

—
r

J 1 1 I I L_l 1 I I I I J I I I
I I I

BIWEEKLY PERIODS

FiQUKE lii.—Estimated numbers of large and small skipjack taken in the Oahu fishery, 1952-53, by biweekly periods.
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SUMMARY
1. The staff of the Honolulu Biological Labora-

tory is trying to determine the environmental con-

ditions which influence the local availability of

skipjack. Commercial catch records are a source

of information.

2. Methods and sources of error are considered.

Fish catch reports for 1952 (a poor year) and
1953 (a good year) were summarized by areas

of the fishery and biweekly fishing periods. The
unit of fishing effort, the productive fisherman-

trip, is discussed.

3. The distribution of catches and effort in the

2 years was generally similar, with leeward Oahu

contributing one-half the catch. Hawaii, wind-

ward Oahu, and Kauai fell well below leeward

Oahu in productivity, while Maui and the oceanic

region contributed insignificant proprotions.
4. Pounds cauglit per unit of effort increased

from southeast to northwest in the fishery and
from inshore to offshore, but these trends may re-

sult from differences in the fishery rather than to

distribution of fish.

5. There was a positive correlation between the

average weight per skipjack caught in various

zones of the fisliery and catch per unit of effort.

6. Catches (in pounds) daring the fishing

periods of 1953 were, with few exceptions, larger
than those made during the corresponding periods
of 1952.

7. In comparison with the seasonal trend in the

fishery, the effects of rough weather (as indicated

by periods of small craft warnings), were un-

important.

8. Large skipjack, from their appearance in

the catches, seemed to have arrived first in lee-

ward areas, and at the end of the season they last

appeared in catches from leeward areas. In June
and August of both years, concentrations of sea-

son fish occurred in windward Oahu and leeward

Oahu, respectively.

9. The numbers of small fish taken by the Oahu
fishery in 1952 and 1953 were approximately
equal, but almost three times as many large fish

were caught in 1953. In the Oaliu region, there
was almost one and one-half times the fishing ef-

fort in 1953 in comparison with 1952, and a much

larger proportion was directed toward catching

large skipjack.
10. Catch, effort and catch per unit of effort

indexes have similar seasonal variations. The

positive correlation between catch and catch per
unit-of-effort is so close that there is little to be

gained in using the catch per unit-of-effort as an

index of apparent abundance in the fishery.

11. During the middle of 1953, the average

weight of large skipjack increased at 0.25 pound
per week, the growth rate for Hawaii skipjack
estimated by Brock. This suggests that fish of

the same age were constantly available to the

fishery during this period.
12. The number of small skipjack in the catch

varied inversely with the number of large fish.

13. A hypothesis for the structure of the skip-

jack population supporting the fishery is offered.

The population has four groups: (1) season fish

and (2) extra-large fish, both of which are migra-

tory, and (3) a semiresident and (4) a migratory

group of smaller skipjack.
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ABSTRACT
Standardized methods are described for use of an index fyke net to deter-

mine annually the abundance of smolt mig-rations from the Kvichak River

system, Bristol Bay, Alaska. Details of the fyke-net construction are pre-

sented. The fyke-netting pi-ocedure and the fishing- season are discussed as

well as some of the more important river conditions for an effective fyke-net
site: water velocity and depth, channel changes, and debris. Annual indices

of smolt abundance for the years 1955 through 1959 are presented. Com-

parisons in the timing of migration between years are included. Results of

tests to determine the variation between sizes of catch and age composition
of fish taken in nets fished side by side and up and down river are described.

Information is presented showing that large parent escapements produced

large smolt migrations and small escapements produced small smolt migra-
tions.

A sampling program of fyke-net catches to determine age composition is

described. Age composition has been based on length-frequency and scale

studies. Age composition for each year is presented. Smolt age composition
has been compared with fresh-water age composition of returning adults.

IV



ABUNDANCE AND AGE OF KVICHAK RIVER RED SALMON SMOLTS
Bv Orra E. Kerns, Jr., Senior Fisheries Biologist

University of Washington

Two essentials to managing a fishery for red

.salmon, Oncorhijnchus nerka (Walbaum), are

knowledge of the abundance and of the ages of

the smolts as they leave a river system on their

way to the sea. When the abundance and ages

of the smolts are related for a number of years
to the number and ages of the returning adults,

predictions can be made of the size of subse-

quent adult returns. These data are particu-

larly important in the Kvichak River, since it is

the largest red salmon producing system in

Alaska.

Specific objectives of red salmon smolt studies

in the Kvichak River system were (1) an index

of the abundance, and (2) the age composition
of the entire migration.
Our method of assessing smolt abundance is

based on the catch of a single fyke net. Gear

and fishing effort expended are kept constant,

but the fishing site is changed slightly to pro-

vide uniform water depth and velocity. Com-
bined daily fyke-net catches for the season pro-

vide an index of total smolt migration (Burgner,

1958).

An index of abundance is not as desirable as

an enumeration of the total migration, which

has been explained by Foerster (1929), Krogius
and Krokhin (1948), and the International Pa-

cific Salmon Fisheries Commission (1955), but

a total enumeration in the Kvichak River sys-

tem has not been practical. Suitable gear has

not been developed to cope with the width,

depth, and velocity of the river. Therefore, we
have located and operated the fyke net in

such a manner that we think it reasonable to

Note.—The author is presently with the Fisheries Research Insti-

tute. Collesre of Fisheries. University of WashinKton, Seattle 5,

Washington.

Approved for publication, April 5. 19G1. Fishery Bulletin 189.

assume a con.stant (but unknown) ratio of the

fyke-net catch to the total migration.

Samples for the determination of age com-

position of the smolt migrations were taken

from the fyke-net catches. Age composition has

been based on smolt length-frequency and scale

studies.

The Kvichak River drainage basin covers

nearly 8,000 square miles. Included are two

major lakes, Iliamna Lake, which is 80 miles

long, 20 miles wide, and 1,115 square miles in

area ; and Lake Clark, which is 50 miles long, 4

miles wide, and 143 square miles in area (fig.

1). Iliamna Lake is about 50 feet above sea

level and Lake Clark is about 220 feet above sea

level (U.S. Army Corps of Engineers, 1957).

From 1947 through 1954 studies of age com-

position and sex ratio of the Naknek-Kvichak

commercial catch and spawning-ground escape-

ments were conducted annually by staff mem-
bers of the Fisheries Research Institute, Uni-

versity of Washington. In the spring of 1955, at

the request of Alaska Salmon Industry, Inc.,

systematic observations of red salmon runs in

the Kvichak River system were initiated by the

Institute under contract with the U.S. Bureau

of Commercial Fisheries. Expanded investiga-

tions since 1955 were designed to measure mor-

talities at various points in the red salmon life

history (Thompson, 1953).

The Kvichak River program began under the

general direction of Dr. W. F. Thompson ;

project leader since 1956 has been H. D. Smith.

The smolt enumeration program was supervised

in 1955 by Dr. R. L. Burgner, in 1956 and 1957

by D. W. Linn, and in 1958 and 1959 by the

author. Records and preliminary unpublished

301
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Figure 1.—Kvichak River system, Bristol Bay, Alaska.

reports of the Kvichak smolt studies are on file

at the Fisheries Research Institute.

Credit for the development of most of the

gear and methods used in this study is due

Drs. W. F. Thompson, R. L. Burgner, and Ted
S. Y. Koo, of the Fisheries Research Institute.

The developmental work was conducted before

1951 at Mosquito Point, on the Nushagak River

system, and was financed by Alaska Salmon

Industry, Inc.

Unpublished reports were written by Dr.

R. L. Burgner and D. W. Linn for the Kvichak
smolt studies of 1955 and 1956, and the author
has used freely and without reference the in-

formation from these reports.

Dr. 0. A. Mathisen critically reviewed this

paper and made helpful comments on the pre-
sentation of the data. The manuscript was
edited by Drs. W. F. Royce, Ted S. Y. Koo, R. L.

Burgner, and J. P. Harville, and H. D. Smith
and J. F. Roos.

Appreciation is extended to all Fisheries Re-

search Institute staff members, past and pres-

ent, permanent and temporary, who were in-

volved in collection of data.

DETERMINING RELATIVE SMOLT
ABUNDANCE

Fyke-Net Design

The rigid frame of the fyke net used in this

study measured 4 feet by 4 feet. The body of

the net tapered from the frame to a single rec-

tangular funnel 2 inches by 10 inches at the

throat (fig. 2). A second funnel of the same
dimensions was located in a detachable cod-end

section, which facilitated emptying the catch.

The net had two wings, each 10 feet long and 4

feet deep, with appropriate cork and lead lines.

The two wings were held open by the force of

the river current and two connecting spacer
lines allowed the net to fish a consistent 9-foot

wide section of the river. The net was made of
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cork line

1/2" mesh in throat and cod end

S'dio. metal hoops

2 X 10^
mefal"^

rectangles
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Figure 2.—Fyke net used in Kvichak River for assessing red salmon smolt abundance,
1955 through 1959.

knotted cotton webbing ; the wings and body of

1-inch mesh (stretched measure) and the re-

mainder of the net of 1 o-inch mesh. The fyke

net is shown anchored in place in the river in

figure 3.

Fyke-Net Site

Smolts contributed by both Iliamna Lake and

Lake Clark must descend the Kvichak River on

their way to the sea. The upper 4 miles of river

from Iliamna Lake to Kaskanak Flats offer the

<.^^;._"^^^''^
"^^•^N^***-^-'^--^!;*!^!^

Figure 3.—Fyke net anchored in fishing position in the Kvichak River.

( I'hotii liy C. D. Becker. I
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best fyke-netting sites. Here the river varies in

width from about 400 feet to 1,000 feet, with

depths to more than 15 feet and surface water

velocities to at least 8 feet per second. The

bottom consists mostly of gravel less than 4

inches in diameter. The riverbanks ai-e steep

because of the erosion that occurs nearly every

year during high water. The river downstream

from the Kaskanak Flats is affected by tides,

causing variable water velocities unfavorable

for fyke netting.

The index site (site B) used for smolt enu-

meration was approximately 4 miles down-

stream from the outlet of Iliamna Lake. Two
other sites designated A and C were 1/2 n^ile

and 2 miles downstream from the outlet (fig.

4). At the index site the river forms two chan-

nels, 570 feet wide and 225 feet wide. The fyke

net was set on a submerged, slightly sloping

Scole in fee)

^—^—I
—t-H

1000 2000

Koskanok
Flots -

Figure 4.—Fyke-net sites A, B (index), and C, Kvichak

River. (Map by D. W. Linn.)

gravel bar near the centei- of the main channel.

This gravel bar extends at the same depth for

at least 100 yards above and below the index

site.

Fyke-Netting Procedure

The fyke net was set before 2200 hours each

night and tended from a 20-foot skiff by two
or more men. To check the net, the cod end was
first raised out of the water by one man. In this

position the throat of the net was closed to the

passage of fish. The cod end with the catch was
detached by removing a single locking pin and

an empty cod end immediately put in place and

lowered into the water to continue fishing.

The second man pulled the release cord or

zipper on the cod end and spilled the catch into

a large weighing basket that was immersed in a

tub of water. This weighing basket was then

removed from the tub and hung on a spring

balance of 40-pound capacity, suspended from

a weighing stand in the skiff. The weighing

basket was allowed to drain about 10 seconds

before the weight of the fish and the time of

catch were recorded. During peak migration

the fish weighed about 20 pounds at a net check.

Immediately after being weighed, the fish were

returned to the river. Elapsed time for a net

check was less than 30 seconds. The number of

fish in a 1-pound sample was usually counted

four times an hour and the number was used

for conversion of total weight of fish to total

number.

To avoid excessive mortality during periods

of heavy migration, the net was checked as the

fish accumulated. In an extreme instance in

1958 it was necessary to check the index fyke

net nearly twice a minute. When the migra-

tion was very light, the net was checked every

hour.

Fishing Season

The experimental fishing season during this

study began in the spring before any smolt

migration takes place and continued until only

a few fish were caught each day. The smolt

migration started after ice breakup (fig. 5) and

following a rapid rise in water temperatures in

Iliamna Lake.
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Figure 5.—Ice floes in the Kvichak River. (Photo by C. D. Becker.)

Daii> Fishing Period

The smolt index was based on the total catch

of the fyke net from 2200 to 0100 hours. This

3-hour period was selected on the basis of ex-

perience in the Nushagak system, where most

of the smolts leave the lake during the darkest

hours. The same nightly concentration of mi-

gration was found in the Kvichak River during

24-hour periods of fishing, as shown later.

River Conditions and Fyke-Net EfiSciency

Water velocity.
—Desirable surface-water ve-

locity for fyke netting in the Kvichak River is

3 feet per second or more. This velocity is pre-

sumed necessary to prevent size selectivity, or

larger fish evading the net. Net selectivity in-

fluenced by water velocity in the Kvichak River

during 1955 was illu.strated by two nets fished

side by side at site A. The net in faster water,

3.1 feet per second, caught a greater poundage
and larger-sized fish than the net in water of 2.4

feet per second velocity (fig. 6). A second test

for size vselectivity caused by similar water

velocity was also made at the index site in 1955.

The length frequencies of smolts taken during

this test, in which two nets were fished side by

side, are shown in figure 7. Both nets, fished in

a current velocity of approximately 3.5 feet per

Site A,
- 2.4 ft/sec.

velocity, 107 fish

Site Ao- 3. 1 ft/sec.

velocity, 98 fish

80 90 100

FORK LENGTH
no 120

N MILLIMETERS
130

Figure 6.—Length frequencies of smolts captured in

high and low velocity waters near site A from 2150 to

2210 hours, June 2, 1955. (Frequencies are smoothed

by moving averages of threes.)
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Index Site, 68 fish

80 90 100 no 120

FORK LENGTH IN MILLIMETERS
130

Figure 7.—Length frequencies of sniolts captured in

waters of similar velocity (approximately 3.5 feet per

second) near index site from 2200 to 2212 hours, June

4, 1955. (Frequencies are smoothed by moving aver-

ages of thi'ees.)

second, captured fish of comparable size. Water

velocities at the index site were measured care-

fully with a Gurley current meter at least once

each year during this study and varied little

(table 1).

Table 1.—Mkldepth water velocities at the index

fyke-net site on Kvichak River

Year
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Table .3.—Comparison of hoiirlij fi/kc-tirt catches of stnolts on one-net days (severe

clogging) and two-net days (reduced clogging), Ugashik River, 1956

Date
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Fish in groups of 10 to 15 were anesthetized

in urethane ' or chlorotone, measured from the

tip of the snout to the fork of the tail, and

returned to a container of fresh water to revive.

Each length was tallied together with informa-

tion identifying the sample. At a later date all

length-frequency tabulations for 1 day were

weighted according to the magnitude of the

fyke-net catches during the daily 3-hour index

period and combined in a composite season

sample.

Scale Samples

Ages determined from length frequencies

were verified from scale samples. Scale samples
were taken from fish used in the length-fre-

quency measurements, and the fish selected for

scale samples were immediately preserved in 5-

percent formalin. Several weeks after preser-

vation, the fish were remeasured and the scale

samples removed. Shrinkage of preserved speci-

mens was adjusted by a shrinkage factor deter-

mined by measuring individual fish before and

after their preservation. Shrinkage from live

length varied from 3 to 7 percent, depending on

the length of the fish, or about 4 millimeters.

Four to eight scales were taken from each fish

from immediately above or below the lateral

line and between the dorsal and adipose fins.

These scales were mounted in a spread pattern

on a 1- by 3-inch glass slide. Scales from eight

fish were mounted on a slide, with the length

of each fish recorded on the slide label. The
scales were covered with a second glass slide

and the two slides taped together.

All scales were studied to determine number
of annuli and amount of spring growth since

formation of the last winter annulus. Spring

growth does not appear on the scales of smolts

that migrate soon after lake ice breakup, but it

becomes apparent about midway through the

migration season and the growth increases dur-

ing the summer.

ABUNDANCE OF SMOLTS
The annual Kvichak River smolt index was

based on the number of fish captured in a single

fyke net fished each year of the study under

similar fishing conditions and for the duration

of the migration. This method was designed to

detect fluctuations in the number of smolts from

year to year. The number of smolts and cal-

culated index values for the 5 years of the study
are presented in table 4. The daily smolt catches

each year are shown in appendi.x tables 1

through 5.

Table 4.—hidices of smolt abundance in the Kvichak
River

Year



ABUNDANCE AND AGE OF KVICHAK RIVER RED SALMON SMOLTS 309

0.06:1.00, and this ratio was applied to the

catches obtained at site A before June 7 to esti-

mate the index catches for this early period.

The estimated index catches for 1956 ai-e shown

in appendix table 2.

During each year's smolt migration .some

hours and days of fishing were missed because

of ice in the river or failure of the fyke-net

anchors. Estimates of the number of fish pass-

ing the net site during hours not fished have

been calculated on the basis of the average
catch of the preceding and following hours.

Estimates for days missed have been made by

averaging the catches of the preceding and fol-

lowing days. Estimates for fishing hours

missed have never exceeded 8 percent of the

season's catch, and estimates for days missed

have never exceeded 2.5 percent of the season's

catch. The maximum estimate of hours missed

was for the 1955 run and the maximum esti-

mate of days missed was for the 1957 run.

During the peak of the 1959 migration, the

cod end was placed on the net for 5 minutes of

each 15 minutes fished and occasionally 5 min-

utes of each 30 minutes fished. The catches

were multiplied by 3 or 6, as appropriate, for

estimates of the 15- and 30-minute periods.

This subsampling reduced handling of the fish

and consequent injury to them. The estimates

from the intermittent fishing in 1959 are con-

sidered reliable because of the homogeneity of

catches noted in 1958 during periods of con-

tinuous net checking at the peak of migration.

To test this homogeneity for 1958, all combi-

nations of every third 5-minute catch (for the

estimate of the 15-minute periods of fishing in

1958) were compared with the total of all con-

secutive 5-minute catches (total of 98), and the

maximum error was found to be about ±0.5

percent. When each combination of every sixth

5-minute catch (for the estimate of the 30 min-

ute periods) was related to the total catch, the

maximum error was less than ±4.0 percent.

Timing of Migration

The timing of the Kvichak River smolt mi-

grations is depicted by the annual cumulative

catch curves (fig. 9). Each spring the migra-

tion started near the final day of ice flow in the

Kvichak River (table 6) and continued through

10 20
JULY

Figure 9.—Cumulative daily smolt catches at the index

site in the Kvichak River, 1955 through 1959.

June or early July. The 1958 smolt migration
is the earliest on record and corresponds to the

early breakup of lake ice for that year.

Table 6.—Final day of ice flow in the Kvichak River

Year
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] 2200 to 2300 hours
2 300 to 2400 hours

1955 1956 1957 1958 1959

Figure 10.—Annual smolt catches, by hour, at the index

site, 1955 through 1959.

they were largest from 2200 to 2300 hours;

during 1959 they were largest from midnight
to 0100 hours. The change in the hour of peak
catches probably was related to the onset of

darkness, which seems to promote smolt mi-

gration (Hoar, 1954). Darkness in the Kvichak

system in May normally occurs about 2200 hours

and in June about 2300 hours. During 1957

and 1958 the migration took place primarily

in May, and therefore the early hour of peak

migration. The 1959 migration also occurred

in May but during this year the May nights

were exceptionally clear and light. The 1955

and 1956 migrations occurred primarily in June

which accounted for the later hour of peak

migration than in 1957 or 1958. Extended fish-

ing in 1958 and 1959 from 2100 to 0200 hours

for most of the season established one index

hour for each of these 2 years as the hour of

greatest abundance (table 8).

Table 8.—Hourly smolt catches at index site. May 10 to

July 5, 1958, and May 27 to June 2, 1959

1958:
Catch,.
Percent

19.59:

Catch . .

Percent

2100-
2200

715,990
26

76,071
4

2200-
2.300

997
,
855
36

293,069
15

2300-
2400

700,966
25

503 , 532
26

240U-
0100

213,946

578 , 690
31

0100-
0200

146,331
5

461,214
24

Tutal

2,772,088
100

1,912,576
100

24-Hour Fishing

Operation of the fyke net in several 24-hour

periods was carried out only during 1957 and
1958 and only during a few of the peak days
of migration (fig. 11; appendix tables 6 and 7).

For purposes of analysis, the 24-hour periods

were divided into six 4-hour intervals. In 1957,

the year of smallest migration, more than 91

percent of the fish caught during the 12 days
of round-the-clock fishing were taken from
2200 to 0200 hours (see fig. 11; appendix table

6). In 1958, the year of largest migration, only
62 percent of the catch was taken during this

same 4-hour period in 9 days of 24-hour fishing

(appendix table 7).

During 1959, many visual observations on a

24-hour basis revealed considerable migration
outside the 3-hour period (2200-0100 hours).

The cumulative number of fish migrating at a

time other than the index period creates an

underestimate of smolt abundance based on the

index fishing period alone. No adjustment for

daylight migration has been made for 1958 and
1959. Index fyke netting on a 24-hour basis,

especially during years of lai'ge migration, is

desirable in the Kvichak River system. Per-

haps an automatic electronic counter can be

used to reduce the cost of operation for this

extended fishing.

Smolt Catches at Adjacent Net Sites

In 1955, two fyke nets were fished side by
side, 50 feet apart, in the immediate index area

for 4 days near the period of peak migration
to obtain information on the variation that

might be expected in catches from nets fished

in the general area of the index site. The hourly
catches (table 9) showed some variation, which

2200-0200

0200-0600
o
o

^ 0600-1000
a.

g 1000 - 1400
X

1400 - 1800

1800-2200
Lj

f
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Table 9.—Comparative hunrly catches of synoltf! at index

site and at site B,, June 7-10, 1955
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Analysis of these adult scales by Dr. Koo in-

dicated that all smolts migrated before they had

spent three winters in fresh water. In 1955

only 0.2 percent migrated from the lake as fry ;

in other years, no fry migrated.

The proportions of Kvichak River smolts in

the two age groups during the 5 years of study
are illustrated in the length-frequency curves

of figure 13. The tabulated information re-

garding the daily sample size, the proportion of

fish having spent one winter in fresh water, and

the weighting values are shown in appendix
tables 8 through 12.

Two relationships are apparent from these

data. First, a definite trend is present in 1955

through 1958 from fish that spent two winters

in fresh water to an increasingly dominant pro-

portion of fish that spent one winter in fresh

water. Then a complete reversal occurs in 1959

with dominance of the older fish. Additional

1955

5-

/^
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results are shown as length-frequency curves in

figure 14. The similarity between the two nets

in sizes of fish caught indicate that nets fished

in the area bordered by the index and B4 sites

should sample reliably. The length-frequency
curves presented in figure 7 also show similarity

in the sizes of fish taken by two nets fished side

by side.

Smolt Sizes at Distant Net Sites

Smolt samples taken in 1957 and 1958 during
the simultaneous fishing of two nets, one 2

miles upstream from the other (fig. 15; appen-
dix tables 10, 11, 15, and 16), show similarity

of length frequencies and age composition and

indicate that the nets were intercepting the

same smolt population.

N'erification of Fresh-Water Age

It is reasonable to assume that if the age

composition of the smolts is reliable, then the

fresh-water age composition of the adults that

return after two or three winters in the ocean

should be similar to that of the smolts. This

comparison is made on the assumption that the

marine survival rate is relatively constant for

one-winter and two-winter fish. Only the adult

samples taken at the Igiugig tower sites were
used in this comparison, because samples from
the commercial catch include fish bound for

adjacent rivers in the Naknek and Egegik dis-

tricts as well as the Kvichak River. The per-

Index Site

Site B4

80 90 100 110 120
FORK LENGTH IN MILLIMETERS

130

Figure 14.—Leng:th frequencies of smolts captured at

the index site and site B, between 2200 and 0100 hours,
June 7 and 8, 1955. (Frequencies are smoothed by
moving averages of threes.)

80 90 100 110 120 130

Index site

Site C

80 90 100 no 120 130
FORK LENGTH IN MILLIMETERS

Figure 15.—Comparative smolt length frequencies, in-

de.x site and site C, 1957 and 1958. (Each daily sample
was weighted by the magnitude of the smolt catch for

that day. Frequency for each year is smoothed by

moving averages of threes.)

centages of the two age groups of smolts in the

1955, 1956, and 1957 migrations, and the per-

centages of the various age groups of adults

that returned from these smolt migrations ai'e

shown in table 12. This good relationship of

smolt age to adult fresh-water age indicates the

method for smolt age determination is valid.

Table 12.—Agr groups (in percent) of smolts i)i migra-
tions of 1955, 195ti, and 1957 and of adults

yetnriiing 2 and 3 years later
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The slightly increased percentage return of

smolts that had spent two winters in fresh

water probably could be expected because of

their larger size and better chance of survival

in the sea. This conclusion follows that of

Foerster (1954), who showed a direct relation

between marine survival and size of smolts.

The discrepancy in age composition between

the 1957 smolts and the adults returning in

1959 after two winters in the ocean could be

due to inaccurate smolt sampling or to good

survival conditions in the ocean. Good survival

of fish spending two winters in the ocean was

evident in nearly all districts of Bristol Bay in

1959.

DISCUSSION

The methods used in this study do not lead

to a finite evaluation of smolt abundance and

age composition. However, their reliability has

been supported by most tests conducted during

the past 5 years. The tests involved the simul-

taneous fishing of two nets side by side and

two nets 2 miles apart up and down the

Kvichak River, and the relating the age of the

smolts to the fresh-water age of returning

adults. It is important to note that the great

differences in index values from year to year

permit a large error in the accuracy of the

method but the index method still enables de-

tection of important changes in smolt abun-

dance. Tremendous differences in abundance

from year to year do occur, as is evident from

the striking changes in the size of the adult

population of Kvichak River red salmon (table

11). The large adult escapements have pro-

duced large smolt migrations and small adult

escapements have produced small smolt migra-
tions. Two extremes in the smolt index values

are apparent for the past 5 years, the mini-

mum represented by 1956 and 1957, and the

maximum represented by 1958 and 1959 (table

4). The index of 1955 is neai'ly four times

larger than the next smaller value (1956) but

eight times smaller than the next higher value

(1959).

The methods described in this paper have

been shown to be reasonably accurate to date.

Final evaluation of these methods, however,
must wait until data are available on the return

of adult salmon from a longer series of smolt

migrations. Only after such an evaluation

period can the e.stimation of the population
variables and the prediction of subsequent adult

returns be achieved with accuracy.

SUMMARY
The purpose of the smolt study, conducted

from 1955 through 1959, was to provide an

annual index of abundance and to determine

the age and size composition of Kvichak River

red salmon.

The relative index method used to assess

smolt abundance was based on the season-long
catch of a single fyke net set at the index site

throughout the same daily fishing period (2200
to 0100 hours) and under similar river con-

ditions each year. It was designed to deter-

mine major fluctuations in smolt abundance

from year to year.

The annual indices of Kvichak smolt abun-

dance were for 1955, 11.2; 1956, 3.3; 1957, 1.3;

1958, 100.00; 1959, 85.9. These index values

are relative to the combined smolt catches of

1958, which were assigned a value of 100.0.

The tremendous differences in smolt index

values permit a large error in the accuracy of

the method, but the index method enables the

detection of important changes in abundance.

Large parent escapements have produced

large smolt migrations and small parent escape-

ments have produced small smolt migrations.

Weighted length-frequency samples, verified

by scale samples, were used in age determina-

tion. Two predominant age groups of smolts

occur in Kvichak River: those that have spent

one winter in fresh water and those that have

spent two winters in fresh water.

The smolt age composition for the 5 years

indicated a trend toward cyclic variation and a

relation of size to population density, smaller

fish occurring during years of large abundance.

The similarity of smolt ages with the fresh-

water ages of returning adults supports the

methods and results of age determination.
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APPENDIX

Appendix Table 1.—Kvichak River smolt catches, by

site, day, and hour, 1955

Appendix Table 2.—Kvichak River smolt

site, day, and hour, 1956
Mtches, by

Site and date



ABUNDANCE AND AGE OF KVICHAK RIVER RED SALMON SMOLTS 317

Appendix Table 3.—Kvichak River smolt catches, by

site, day, and hour, 1957

Appendix Table 4.—Kvichak River smolt catches at

index site, by day and hour, 1958

Site and date
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Appendix Table 5.—Kvichak River smolt catches

index site, by day and hour, 1959

at

Date
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Appendix Table 10.—Weighted age composition of

Kvichak River salmon, at index site, 1957
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Appendix Table 14.—Comparison of Kvichak River

smolt catches, at index site and site C, 1958

Date

May 10.
11.
12.
13.
14.
15.

16.

17.
18.
19.

20.
21.
22.
23.
24.
25.
26.
27
28.
29.
30
31

June 1.

2
3.

4.

10
11

12
13
14
l.'i

16
17.

18.

19
20.
21.
22.
23.
24.
25.
26.
27
28.
29.
30

1

2
3.

4.

5.

Index site

Catch

.1 lib-

Total and percent .

32
169

1,721
2.59

101
306
363
394
917

1 , 358
2,673

1 4 , 864
178,634
224

,
524
13

699
478,853
274,449
75,175

404
7,032

121,563
132

30,358
141,717

5
,
723
255

3.234
7,314
30,066
2 ,

225
704

5 , .532

69,191
95,441
30,019
44

,
484

4,981
3,251
6,615

58
6,863

993
3,595
3,563
2,418
3,417
1 , 225
4,762

404
3,416
10,880
3

,
974

1,043
66
134
211

Percent

1,912,767

00
0.01

09
01
01
02
02
02
05
07
U
78

9.34
11.74

00
0.04

25 03
14.35
3 . 93
0.02

37
6.34

01
1 59
7 41

30
01
17

0,38
1 57

12

04
0.29
3 . 62
4 99
1 57
2 32

. 26
0.17

35
00

0.36
0.05

19
18
12

0.18
0.06

25
0.02
0. 18

57
0.21
0,05
00

0,01
0.01

Site C

Catch

99.99

92
135
755
121
194
472
345
,571

,500

888
2,510
14.335

134,189
69,183

1,347
82

,
585

35,208
51,174

228
19,894
24

, 005
261

3
, 526

38,501
3,916

287
3,901
17.706
4. ,341

2,961
1,587
3 . 672

62 , 654
79,377
25,729
16,4,57
7,954
3,115
4,480

500
3,954

758
4,650
4,738
3,424
5,550
2.116
2,159

861
3 , 294
7,711
5,006
2 . 556

309
438
136

Percent

767.321

0.01
02

0.10
02
03
06
04

0.07
07

0.12
,
33

1.87
17 48
9 01

00
0,18
10 - 76
4..59
6,67
0,03
2,59
3.13

03
0.46
5 02

51
04

0.51
2.31
0.57
0.39
0.21
0.48
8. 16
10 . 34
3 . 35
2 14

1.04
0.41
0.58
0.07
0.52

10
0.61

62
45

0.72
0.28
0,28
Oil

43
1 ,00
0.65

33
04

0.06
0.02

100.02

Appendix Table 15.

Kvichak River
—Weighted age composition of

salmon, at site C, 1957
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ABSTRACT
The eggs and the larval and first two postlarval stages of the pink shrimp,

Pcnaeus duorarum Burkeuroad. from Florida waters are described and illustrated.

A series of drawings of tlie rostra of advanced postlarvae is included.

The first six larval stages through the first protozoea were reared from eggs

spawned in the laboratory. The remaining larval and postlarval stages are

described from specimens obtained in plankton samples taken in the Florida Bay
and Dry Tortugas areas.

The larval and postlarval stages of P. duorarum are comipared with those of P.

setiferus. Postlarval stages of P. aztecus are compared with those of P. duorarum.



EARLY DEVELOPMENTAL STAGES OF PINK SHRIMP, PENAEUS

DUORARUM, FROM FLORIDA WATERS
By Sheldon Dobkin, Marine Laboratory

University of Miami

Study of tlie life histoiy of penaeid slirimps has

received great impetus in the past 25 yeai-s with

tlie increased commercial importance of many of

tlie species. The species of most impoi-t<ince com-

mercially Mong to the genus Fenaeus and the

developmental stages of several membei-s of this

genus have been described.

Tiiree species of Penaeits are fished commer-

cially along the South Atlantic and Gulf coasts of

the United States. Of these, P. xetiferm has re-

ceived the most study; its early life history has

been described by Pearson (1939). Tlie larval

development of P. duomrum and P. azfeeux has

i^ot l)een described ; however, some information on

the po8tlar\'al and juvenile phases of their life

histon- is available (Williams, 1953, 1955, 1959).

The pink shrimp, P. duoranim.. supports a

valuable fisheiy in Florida and accounts for ap-

proximately three-quarters of the slu'imp landed

in the State. The object of this study was to pro-

vide detailed descriptions of the egg and larval

stages of this shrimp.
The author expresses appreciation to Drs. C. P.

Idyll, G. L. Vos.s, and A. C. Jones, of the Marine

Laboratory. Univei-sity of Miami, for helpful

advice during the course of this study and for

critical reading of the manuscript; and to T. J.

Costello and H. L. Cook, of the Bureau of

Commercial Fisheries, and E. S. Iversen, of the

Marine Laboratory, for valuable suggestions.

Tlie autlior is indebted to Mrs. D. E. Dimitriou,

A. E. Jones, D. I. Dubrow, and J. H. Tweedy for

their help in tliis study, and to Mrs. E. S. Iversen

for inking the drawings of the early stages.

Note.— This work was conducted In the Marine Laboratory of
the University of Miami. Miami, Fla., for the Bureau of
Commercial Fisheries with Saltonstall-Kennedy funds under
Contract No. 14-17-008-78.

Approved for publication. July S, 1960. Fishery Bulletin 190.

METHODS AND MATERIALS

PLANKTON COLLECTIONS

To obtain the eggs and larvae of penaeid

shrimps, which are planktonic, more than 500

plankton samples were taken between January and

December, 1959, in Florida Bay and in the Dry

Tort.ugas areas and adjacent watei-s. These col-

lections were made from research vessels of the

Univei-sity of Miami Marine Lalwratory and from

commercial trawlei-s. Tows were made at all

times of day and night and at several water depths

(see table 1). The depth at which the nets were

fished was determined by applying the wire angle

measured by an inclinometer to the known amount

of wire out. Three-quarter meter (mouth diam-

eter) "Discovery""-type nets were used in most

instances with either a No. 10 mesh silk bolting or

a Xo. -2 mesh nylon cod end. A 1-foot (mouth

diameter) "Turtox" net of Xo. 6 mesh silk bolting

cloth was also used.

Plankton tows were generally of 30 minutes'

duration except when other considerations, such

as the necessity for making hydrographic observa-

tions, caused the net to lie brouglit up sooner. A
towing speed of approximately 31/2 knots was

maintained in most cases. The i)lankton was pre-

served in 3-percent formalin buffered with hexa-

metliylenamine and stored in Ifi-ounce jars.

REARING EXPERIMENTS

Four rearing experiments were conducted from

late March througli July 1059. In these experi-

ments, large females (ajiproximately 1'20 to 170

mm. total length) with opaque ova were removed

fi-om the regular commercial hauls of a shrimp

trawler on the Dn- Tortugas fishing grounds and

taken to the laboratory. The shrimp were kept

321
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Table 1.—Station data for 161 larvae and postlarvae of

Penaeus duorarum taken from the plankton, 1959

Station

ELH79----

ELH 104...

ELHIH---

ELH112.-.

ELH169.-.

ELH172---

EI.H175---

ELH179...

ELH 185 '-.

ELH197---

ELH221-.-

ELH 229...

ELH 233...

ELH 240...

ELH 283...

ELH 317...

ELH334a..

Date
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Figure 1.—Aquariums used in rearing experiments, showing plankton netting attached to collecting jar to catch larvae

and eggs in runoff.

mortality was high, insufficient larvae were ob-

tained to be certain of the number of nauplial

stages.

Second Experiment

In the second rearing experiment, April 8 to

17, 17 shrimp were brought to the laboratory and

divided among 3 aquariums. On the morning of

April 13, viable eggs and both newly hatched and

advanced nauplii were observed in the runoff from

one aquarium. This aquarium was drained and

the eggs and larvae collect-ed and placed in 16-

and 32-oimce jars as well as in a 5-gallon

aquarium, the bottom of which was covered with

sand and equipiied with a subsand filter. Indi-

vidual eggs were isolated in petri dishes in an

attempt to determine the number of molts under-

gone by the nauplii and the inten-al between

molts. The developing eggs and nauplii were

observed continuously for 36 hours, in order to

preserve specimens of each developmental stage.

Tlie eggs isolated in petri dishes failed to de-

velop past the first nauplius. Tlie larvae in the

5-gallon aquarium did not survive the molt into

the first protozoeal stage. Of the approximately

10 first pix>tozoea that did develop in the 16- and

32-ounce jars, only 1 larva passed through the

next molt. This high mortality in the first proto-

zoeal stage was probably due to a combination of

factors, one of which was tliat the larva must now

seek food for the first time, having been supplied

by its own yolk in the nauplial stages (Pesvrson,

1939; HudinagiL, 1942). During the experiment

a culture of Chlamydomonas sp. was fed to the
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first protozoea in the IG- and 32-ounce jars by

adding approximately one medicine dropper full

of tlie culture per 32 oimces of water per day, and

although the digestive tracts of many of the larvae

were colored green, this food appeared to be in-

adequate. Another factor that caused high

mortality was entanglement of the setae of the

larvae by algae, by the shrimp's own excrement,

which is emitted in long strands, and by other

particles that are found in the water. The larvae

so entangled settled to tlie bottom wliere they

could not feed.

Eggs, the five nauplial stages, and the first pro-

tozoea were presented in sufficient quantity during
this experiment to describe these stages.

Third Experiment

The third rearing experiment took place from

June 3 to June 6. Twenty-two shrimp were

brought to the laboratoi-y on June 3, and wei-e

placed in three 15-gallon aquariums. Eggs were

found in two of the aquariums on the morning of

June 6 and were removed and placed in 12 1-gallon

jars. Approximately 400,000 units of penicillin

were added to six of these jare, and the water in

one was agitated mechanically. A number of the

eggs developed, and two newly hatched nauplii

were seen. Several hours later, however, eggs
removed from the jars were not viable, and no

additional nauplii were fomid.

Fourth Experiment

In the foin-th rearing experiment, July 20-27,

approximately 20 female shrimjJ were placed in

three 15-gallon aquariums at the laboratory in the

early afternoon of July 20. The following morn-

ing eggs and newly hatched nauplii were found in

each aquarium and were removed to six 1-gallon

jars and a 4-gallon bell jar. Approximately 5

millilitei-s of the broad-spexitnma antibiotic were

added to three of the 1-gallon jare and about 20

millilitei-s were added to the bell jar. The latter

was agitated mechanically by a glass plunger.
The water was not changed in these containers

during the course of this experiment.
The lai-A'ae had advanced to the fifth nauplial

stage by the late aftenioon of July 22, and the

following morning all the jars werB fomid to con-

tain first protozoea. Tiiey wei-e fed a culture of

Dunaliella sp. (
whicli was used as food for oyster

and clam larvae by Davis and Guillard, 1958), by

adding approximately 4 millilitei-s to each 1-gal-

lon jar and 10 milliliters to the bell jar daily.

Higli mortality again occurred in the fii-st pro-

tozoeal stage. The lai"vae held in tlie jars to

wliich no antibiotic was added were all dead by
the afternoon of July 24, and by the moniing of

July 27 all of the larvae in tlie other jars had died.

None of the larvae molted into the second pro-

tozoea despite the fact that feeding had taken

place.

During tliis experiment, photomicrographs of

the egg in various stages of development and of

the nauplial and first protozoeal stages were taken.

Conclusions

To rear Penafns duormiim, successfully, suitable

food and the prevention of crowding of the larvae

are necessary. Hudinaga (1942) was successful

in raising larvae of Penaeus ']apon'wus through the

critical protozoeal stage by feeding them the

diatom SheJetoivema costatum.. He reported that

the mysis stage could be raised on that diatom

alone, although good results were obtained by mix-

ing the nauplius of P. japonicus with the diatoms.

Heldt (1938) found that the protozoea of several

species of penaeids prospered on small copepods if

the individual larva was isolated and the debris

and excrement removed from the water.

Broad (1957) reported that caridean larvae fed

on algae did no better than those that were not

fed. He reared larvae to the young adult stage by

feeding them Artemia nauplii, and limited the

number of larvae placed in each 4-inch finger bowl

to 10. Costlow and Bookhout (1959) were suc-

cessful in rearing zoeae of the blue crab, Calli-

nectes sapidus, by placing them in plastic com-

partmented boxes with one zoea per compartment

and feeding them Arhacia eggs and Artemia nau-

plii. The author (unpublished data) succeeded

in rearing the larvae of several species of carideans

by placing from 1 to 10 larvae in each compart-

ment of plastic compartmented boxes and feed-

ing them on Artemia nauplii. Each compartment
contained from 50 to 75 ml. of sea water, and the

water was changed each morning.
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ABBREVIATIONS USED IN ILLUSTRATIONS

al—first antenna

a2—second antenna

ab—abdomen
c—carapace
cli-—chela

dt—digestive tract

e—eye
en—endopod
ex—exopod
fr—frontal organs
fu—furca

gp—gill plate
la—labium

Im—labnmi

md—mandible

mp—mastigobranchial

plate

mxl—first maxilla

mx2—second maxilla

mxpl—first maxilliped

mxp2—second maxil-

liped

mxp?)
— rliirtl maxil-

liped

o—ocellus

ped—pedmicle

per—pereiopods

])1
—

pleopods

pr
—
protopod

r—rostrum

sc—scaphognathite
st—statocyst
su—supraorbital spine
th—thorax

u—uropods

EGG

Several hundred eggs were obtained from the

spavniing of mature female pink shrimp in the

laboratory. Fifty-three viable eggs measured
from 0.31 to 0.33 millimeters in diameter. The
viable eggs are yellow brown in color and opaque,

although when light is reflected in a certain way,
the chorion shows the blue hue reported by Pear-
son (1939) for the eggs of P. setiferus.

The complete development of the fertilized egg
was not observed, since the eggs were already in an

advanced state when found. The development of

eggs of Penaevfi jnponicus is adequately described

by Hudinaga as summarized by Pearson (1939).

Development in P. dvornrum may be similar, since

conditions under wjiich the eggs of the two species
of shrimp were reared and development subse-

quent to hatching are comparable. Photomicro-

graphs of several stages of viable eggs were made

(fijr.2).

Hatching was observed by the author in tlie

laboratoi"y. At water temperatures of 27° to 29°

C, the nauplius emerges about 13 or 14 houi-s after

the eggs are spawned (Hudinaga, 1942) . Prior to

its emergence, the nauplius moves its appendages

convulsively at short intervals. After the furciil

spines puncture the &gg membrane, the nauplius

583837 0—91 2

Figure 2.—Photomicrograph of eggs in several stages of

development.

emerges, posterior half first, by pushing against
the membrane with the first antennae. Emergence
from the egg requires 2 to 3 minutes.

FIRST NAUPLIUS

Individuals of the first nauplial stage (fig. 3)

ranged from 0.35 to 0.40 mm. in body length.

Their greatest body width was from 0.18 to 0.20

mm. Body lengtli was measured from the anterior

to the posterior end exclusive of the furcal spines.

Greatest body width between the lateral margins
was measured doi"sally and occurred at a ]ioint

between the first two pairs of appendages. De-

scription of tiie first nauplius is based on 13 speci-

mens raised from eggs.

Tlie nauplius is yellow brown in color and

opaque, tlie opaqueness being more pronounced in

preserved specimens. Viewed dorsally the body
is pear-shaped, the anterioi- part being the wider.
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Figure 3.—First nauplius. (A) Ventral view.

(B) Lateral view.

Newly hatched first nauplii resemble two spheres

joined at the middle (fig. 4), but shortly there-

after they completely unfold and become typically

pyriform (fig. 5).

Viewed laterally, the anterior part is elliptical,

due to development of the labrum (fig. 3B) . This

structure is present at the point where the anterior

and posterior halves join and where the posterior

half is flexed ventrally. The body appears to be

divided into anterior and posterior parts with a

constriction between
; nevertheless, it is not truly

segmented.
An ocellus, or "nauplial eye," is present near

the anterior end of the body. Posteriorly, there

is a dorsally flexed pair of furcal spines which

are approximately two-fifths as long as the body.

A small dorsomedian triangle-shaped spine

(fig. 3B) is present near the posterior end of the

body.

Three pairs of appendages, natatory in func-

tion, are present : first antennae, second antennae,

and mandibles. The antennae are considerably

larger than the mandibles.

The first antenna is imiramous and finger-

shaped and is slightly more than three-quarters

the length of the body. It bears 2 short lateral

setae, 2 long terminal setae, and a third long seta

which appears to be terminal, but which actually

arises from the dorsal surface of the appendage.

The bud of a third tenninal seta is present.

"Short" setae measure less than 0.1 mm. in length,

"moderate" setae between 0.1 and 0.2 mm., and

"long" setae more than 0.2 mm.
The second antenna is biramous, the exopod

slightly longer than the endopod and equal in

length to the first antenna. The endopod bears

2 short lateral and 2 long terminal setae. The

bud of a third terminal seta is present. The exo-

pod bears 3 long lateral and 2 long tenninal

setae.

The mandible is biramous arid approximately
half the length of the first appendage. Each

ramus bears 3 long setae. All setae on the exopod

are terminal. Two of the setae on the endopod

are terminal, the third seta arises from a con-

striction in the appendage approximately four-

FiouRE 4.—Photomicrograph of first nauplius immediately

following hatching.
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FiGUKE 5.—Photomicrograph of first naupllus soon after

hatching.

fifths of the distance from the body. Although
setation of the first and the second appendage
varies in the different nauplial stages, that of the

mandibles remains constant

During the nauplial stages, the larva© feed on

yolk granules, which, because of their opaqueness,

can easil}^ be seen in the transparent body of the

nauplius. The description of locomotion in the

nauplius of P. setifenis (Pearson, 1939) and P.

jnponicu.'i (Hudinaga, 1942) was found to liold

true for P. duorarum. The nauplius swims

upward by a rapid beating of its appendages,
which lasts approximately 5 seconds; after that

the nauplius sinks dorsal side down with its ap-

pendages extending upwards. This period of in-

activity lasts several times longer than the period
of activity, being from 15 to 30 seconds in

duration.

SECOND NAUPLIUS

Specimens of the second nauplius (fig. 6) meas-

ured 0.40 to 0.45 mm. in length and 0.18 to 0.20 mm.
in body width. The major differences between this

stage and the preceding one are in the setation of

the first and second antennae, the appearance of

setules on tlie longer setae, and a sliglit cliange in

the shape of the body. The description of the

second nauplius is based on 27 specimens raised

from eggs.

The single pair of fureal spines found in the

first nauplius is still present, and no others have

been added. The dorsomedian spine near the

posterior end > 5 the body is no longer present.

The first antenna bears 3 lateral setae, 2 of

which are short and 1 is of moderate length; also

3 terminal setae, 1 of which is long, 1 moderate,
and 1 short.

A short terminal seta has replaced the bud pres-

ent in the preceding stage on the endopod of the

second antenna. A short terminal seta is also

added to the exopod of this appendage, making
a total of 3 lateral and 3 terminal setae. The num-
ber of setae on the exopod of the second antenna

increases by 1 in each successive nauplial stage

and the setation of this appendage is therefore

an excellent characteristic for differentiating be-

tween the various stages.

The endopod and exopod of the mandible con-

tinue to bear 3 long setae each, in the same posi-

tion as in the preceding stage.

FiGUBE 6.—Ventral view of second nauplius.
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The posterior portion of the body of the second

nauplius has become somewhat elongated. The

caudal end is now truncate or concave rather than

rounded.

The longer setae of the appendages have become

plumose in the second nauplius with the addition

of fine setules. The appendages remain unseg-

mented. The furcal spines do not acquire the

distinct barbs reported by Hudinaga (1942) for

P. japonini^, but their margins are no longer
smooth.

THIRD NAUPLIUS

Specimens of the third nauplial stage (fig. 7)

ranged in length from 0.45 to 0.49 mm. and from

0.17 to 0.20 mm. in greatest body width. Meas-

urements were made on 24 specimens raised from

eggs. The major differences l>etween this and the

preceding stage are the development of 2 distinct

furcal processes, the addition of 2 spines on each of

these, and differences in the setation and the first

sign of segmentation of the appendages.
The caudal end of the body is now divided into

2 furcal processes with a distinct notch between.

Each furca bears 3 spines, the middle one being ap-

proximately two-fifths the length of the body.
The external spine measures about one-tliird the

length of the median one and the internal spine
about one-sixth. The median spine bears minute

barbs but the other 2 spines are smooth. The
furcal spines are flexed dorsally, as can be seen

in lateral view.

The first antenna has lost its posterolateral seta

and now bears 2 lateral and 3 terminal setae. The
basal portion of this appendage shows traces of

the segmentation that will appear in the next

molt.

The endopod of tlie second antenna has the same

complement of setae as in the jireceding stage;

liowever, the anteriormost of the terminal setae

has grown to almost the length of the others.

The exopod of the second antenna has added

another terminal seta, making a total of 3 lateral

and 4 terminal setae.

The setation of the mandible remains the same.

Figure 7.—Ventral view of third nauplius.



EARLY STAGES OF PINK SHRIMP FROM FLORIDA WATERS 329

FOURTH NAUPLIUS

The fourth nauplii (fig. 8) examined measured

from 0.48 to 0.55 mm. in body length and from

0.18 to 0.20 mm. in greatest body width. Six speci-

mens that had been reared from eggs were studied.

The major differences between tliis and the pre-

ceding stage are in tlie number of furcal spines,

the appearance of tlie next four pairs of appen-

dages, and segmentation and setation of the

appendages.
Tliere are now 5 spines on each furcal process,

with the addition of 2 weak sjjines external to the

3 already present in the preceding stage. The

longest spine bears minute barbs, while the other

4 are smooth.

This stage is the first in wliich there is a definite

segmentation of the appendages. This segmenta-

tion is often indistinct and the best criterion for

its determination is the presence of indentations

along the margins of the appendages.

The frontal organs reported to be present in late

nauplial stages in several other species of penaeids

were never seen in this stage in P. dxMrarwm, al-

though several specimens were examined under

500 power specifically for this character.

FIFTH NAUPLIUS

Individuals of the fifth nauplial stage (figs. 9

and 10) measured from 0.53 to 0.61 mm. in body

length and from 0.17 to 0.20 mm. in greatest body

width, based on 28 specimens raised from eggs.

The most noticeable differences between this and

the preceding stage are the development of the

masticatory portion of the mandible, the trans-

parency of the endopod of that appendage, the in-

creased number of furcal spines, the outline of a

future carapace, and the setation of the

appendages.
The furcal processes now bear 7 spines each,

with the addition of 2 spines, 1 weak and 1 mod-

erate, internal to the 5 found on each furca in the

preceding stage. The 3 median spines bear minute

barbs.

Frontal organs were observed on the anterior

margin of several fifth nauplii taken from the

FiGUBE 8.—Ventral view of fourth nauplius.
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plankton. The original examination of material

obtained from rearing exi^eriments did not dis-

close these structures, but a photomicrograph (fig.

9) shows them clearly. With this proof of their

existence and their subsequent discovery on the

planktonic specimens, the presence of frontal

organs was established.

The first antenna now bears 3 setae on the an-

terolateral and 2 on the posterolateral surfaces,

as well as 3 terminal setae. This is a total of 8

setae as compared with the 5 found on this ap-

pendage in the preceding stage. The segmenta-
tion remains the same as in the fourth nauplius.

The endopod of the second antenna is unseg-
mented and bears 3 lateral and 4 terminal setae.

Two of the lateral setae originate from the same

point close to the distal end of the endopod. The

exopod of the appendage now bears 9 setae, with

the addition of a short lateral seta which is the

most proximal to the body.

Figure ».—Photouiicrograph of fifth nauplius. (Note
frontal organs.)

The basal portion of the protopod of the man-
dible has become swollen and knoblike and bears

a ring of toothlike structures. The endopod has

become transparent in some specimens due to loss

of its musculature. The setation is the same as

in previous stages.

The maxillae and maxillipeds are further de-

veloped, and cover the major portion of the ven-

tral surface of the body posterior to the labrum.

They remain nonfunctional. The developing max-
illae and maxillipeds are biramous. The exo-

pods of the maxillae take the form of swollen

knobs protruding from the distal portions of the

protopods and have been termed scaphognathites.
The exopods of the maxillipeds are palplike in

form.

In dorsal view the body appears to be in two

segments. Tliis is due to the outline of the pos-
terior edge of the developing carapace, which can

be seen under the cuticle at about the midpoint of

the body.

FIRST PROTOZOEA

Forty-two first protozoea (figs. 11 and 12) of

P. dmoranmn raised from eggs measured from

0.86 to 1.02 mm. in body length, from 0.35 to 0.44

mm. in body width at the widest part of the cara-

pace, and from 0.40 tx> 0.49 mm. in carapace

length. Seven first protozoea taken from the

plankton measured from 0.98 to 1.14 mm. in body

length.

The first protozoea represents the most radical

change in the form of the larva up to this point.

The body is clearly divided into two parts. The

anterior part is covered by the carapace, which

is just under one-half the body length. The cara-

pace is rounded anteriorly with a notch at the

midline. The posterior edge of the carapace is

nearly straight and covers the basal portion of

the second maxillipeds. The narrower posterior

part is divided into a thorax of six segments and

an unsegmented abdomen. The junction of thorax

and abdomen is marked by a slight swelling in the

latter.

Another feature differentiating this stage from

the preceding one is the development of compound

eyes. These can be seen under the carapace, but

do not become stalked imtil the next stage. A 2-

lobed labium just posterior and dorsal to the la-

brum and a digestive tract are other structures
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FiGUBE 10.—Ventral view of fifth nauplius.

disting;uishable in this stage. In addition, the

mandible has lost its endopod and all but a small

portion of its exopod. Its masticatory surface

has, however, developed considerably. During
this stage the larvae cease living on yolk and

begin to seek nourisliment in the water.

The ocellus persists in the midline between the

developing compound eyes. Just posterior to the

ocellus the two large lobes of the liver, which is

dorsal to the mouth, can be seen in ventral aspect.

The labrum is conspicuous as a roughly oval struc-

ture located ventrally in about the middle of the

area covered by the carapace. Its posterior or

free edge has a slight notch at the midline which

is provided with short bristles, and the anterior

edge is marked by a well-developed spine. The
two lobes of the labium extend from under the

labrum and have bristles along their median

borders. The greater portion of the mandible

consists of an irregularly shaped median mastica-

tory lobe, which bears 6 to 8 small teeth and 3

or 4 larger ones, and a lateral rounded lobe, which

bears a trace of the exopod.

The caudal furcae each bear 7 spines, as in the

preceding stage. The spines have setules, except

for the most external spine which is smooth. This

external spine originates from the dorsal surface

rather than from the lateral, terminal, or median

surfaces of the furca, as do the other spines.

The first antenna is divided into three major

parts. Tlie basal portion bears 2 setae along its

anterior margin. The middle portion beare 1 long
seta on its anterior margin. The distal portion

bears 1 dorsal and 3 terminal setae and, in addi-

tion, 1 short seta on its posterolateral margin.
This is a total of 8 setae on the first antenna.

The protopod of the second antenna is 3-seg-

mented and bears no setae. The endopod has 2

segments, the basal segment bearing 2 setae. Two
additional setae are present at the junction of the

2 segments of the endopod. The distal segment
bears 5 setae, making a total of 9 setae for this

ramus. The exopod of the second antenna is di-

vided into about 10 segments and bears 7 setae

on its anterolateral and 2 on its posterolateral mar-

gins, as well as 4 terminal setae.
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FiouKE 11.—First protozoea. (A) Ventral view. (B) Mandible. (C) First maxilla. (D) Second maxilla. (E)

Second maxilliped. (F) First maxilliped.
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The mandible has lost its endopod and all but

a trace of its exopod, has a well-developed masti-

catorj' surface, and lies dorsal and posterior to

the labrum.

The first and second maxillae and first and sec-

ond maxillipeds are well developed and become

functional in this stage.

The first maxilla consists of a protopod of 2

segments, an endopod of 3 segments, and a budlike

exopod or scaphognathite. The inner margins of

the segments of the protopod and the endopod
are lobed and bear setae. The 2 segments of the

protopod bear about 4 setae each. The basal and
median segments of the endojx)d bear 2 setae

each, and the terminal segment bears 5. The

exopod, or scaphognathite, bears 4 setae. The 5

terminal setae of the endopod are present through-
out the protozoeal and first two mysis stages. The
4 setae of the scaphognathite are present in the

Figure 12.—Photomicrograph of first protozoea.

683837 O—«1 3

protozoeal and first mysis stages; the scaphog-
nathite is not present beyond the first mysis.
The second maxilla is somewhat larger than the

first. It has a protopod of 4 lobed segments. The
basal segment bears about 5 setae, and the remain-

ing 3 segments, 2 each. In the protozoeal and

mysis stages the setae on the protopod of the max-
illae are shorter and stouter than the setae found

elsewhere on the body. Each segment of the 5-

segmented endopod beai*s 2 setae except the termi-

nal segment, which has 3. This latter number is

constant for the protozoea, but in succeeding

stages the scaphognathite increases in size and

possesses an increasing number of setae.

The first maxilliped is the largest of the newly
functional appendages. It consists of a 2-

segmented protopod, a 4-segm6nted endopod, and
an unsegmented exopod. Both of the latter are

palplike. The segments of the protopod bear ap-

proximately 3 to 4 setae each
;
those of the endopod

have 2 or 3 each except for the terminal segment,
which bears 5 setae. The unsegmented exopod
bears 7 setae.

The second maxilliped is almost identical to the

first, except that it is smaller and bears fewer

setae. The protopod has 2 segments and bears

approximately 5 to 7 setae. The endopod is 4-seg-

mented; the terminal segment bears 5 setae and

the other 3 segments bear 2 setae each. The ex-

opod is unsegmented and bears 6 setae.

The digestive tract runs from the mouth to the

posterior end of the body. It is widest at its

anterior and posterior portions. A pair of muscle

bands is present along the margins of the body
in the region of the thorax and abdomen.

SECOND PROTOZOEA

The second protozoeal stage and succeeding
larval stages were described from a series of speci-

mens linked with the first protozoea and with each

other by their simultaneous occurrence in plank-
ton tows. Individuals of the second protozoeal

stage (fig. 13) measured from 1.5 to 1.9 mm. in

body length, based on the examination of 15 speci-

mens taken from the plankton.

The main differences between this stage and the

preceding one are the acquisition of a rostrum and

supraorbital spines, the appearance of stalked com-

pound eyes which are free from the carapace, and

the segmentation of the abdomen.



334 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

FiouBE 13.—Second protozoea. (A) Dorsal view. (B) First antenna. (C) Second antenna. (D) First maxilla.

(E) Second maxilla. (F) First maxilliped. (G) Second maxilliped.
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A ventrally curved rostrum is present, on the

carapace. It measures from one- fourth to one-

third the total length of the carapace. The cara-

pace also bears a pair of bifurcated supraorbital

spines. It attains its maximum width at about the

level of the point of attachment of the second

maxillae and then gradually narrows to about half

that width. The posterior margin covers the an-

terior part, of the third thoracic somite. The
lateral portions of the carapace extend back

slightly farther than the dorsal surface.

Gill plates are present for the first time.

There is no great change in the structure of the

appendages from those of the first protozoea. A
single seta is added to the first antenna. Buds of

the thoracic appendages, the third maxillipeds,
and the five pairs of pereiopods appear in this

stage but are very rudimentary.
The 6 thoracic and 6 abdominal segments are

apparent and appear very similar except for the

sixth abdominal segment, which is more elongate
than the rest. There is no line of demarcation

between this segment and the telson.

Each furcal process continues to bear 7 spines.

THIRD PROTOZOEA

Individuals of the third protozoeal stage (fig.

14) measured from 2.2 to 2.7 mm. in body length,
based on the examination of 18 specimens taken

from the plankton.

The major differences between this and the pre-

ceding stage are the appearance of a pair of

biramous uropods and of spines on the abdominal
somites. All of the somites are fully developed at

this stage.

The carapace now covers the first five thoracic

somites. The small exterior spines on the supra-
orbital spines disappear and the latter are thus no

longer bifurcated.

The 5 segments of the basal portion of the first

antenna are united in this stage. The second an-

tennae, first and second maxillae, and first and
second maxillipeds are essentially the same as in

the preceding stage. The third maxillipeds and 5

pairs of pereiopods liave developed further, but

still remain rudimentary and functionless. They
all are biramous.

The abdominal somites are now considerably

longer than those of the thorax. The sixth ab-

dominal somite is about equal in length to the pre-

ceding four combined. The sixth abdominal

somite is separated from the telson and differentia-

tion of the body somites is complete. Each of the

first 5 abdominal somites bears a dorsomedian spine

on its posterior border. In addition, the fifth

somite bears a pair of posterolateral spines and the

sixth somite bears a pair of posterolateral and a

pair of posteroventral spines. All of the spines

on the abdominal somites are directed posteriorly.

Tlie biramous uropods are not fully developed.

The exopod is somewhat longer than the endopod.
The exopod bears 6 short terminal setae and the

endopod 2.

There are now 8 spines on each furcal process,

with 1 having been added internally to the 7

already existing.

FIRST MYSIS

The second profound metamorphosis occurs at

the end of the third protozoeal stage and the larva

enters the first my sis stage (fig. 15). Specimens
in this stage measured from 2.9 to 3.4 mm., based

on the examination of 23 specimens taken from

the plankton. Tlie larva now assumes a more fa-

miliar shrimplike appearance. The major changes
are the development of the thoracic appendages
and the nature of the first and second antennae.

The carapace, uropods, and telson have also under-

gone extensive development.
The carapace fits the body more closely than in

the protozoeal stages. The smooth rostrum does

not curve ventrally in as pronounced a manner as

in the preceding stage but projects almost straight

forward. There is, however, a good deal of vari-

ation in its form. Supraorbital spines are still

present, though smaller than in the protozoeal

stages. A spine is present at the anteroventral

comer of the carapace. A hepatic spine, some-

what removed from the anterior margin of the

carapace, is also present. Cephalic and thoracic

somites are fused in this stage. The carapace does

not quite cover the thorax.

The first and second antennae have changed in

form as well as in function : they are no longer

natatory, but tactile. Tlie first antenna is divided

into 3 segments, the basal segment being equal in

length to the other 2 segments. The distal seg-

ment bears 2 branches, the external being twice the

length of the inner branch. The external branch

bears 6 smooth setae and the inner branch 2.
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FiQUBE 14.—Third protozoea. (A) Dorsal view. (B) First antenna. (C) Second antenna. (D) First maxilla. (B)
Second maxilla. (F) First maxiUlped. (G) Second maxllliped. (H) Lateral view.
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Figure 1.").—First mysis. (A) Lateral view. (B) First antenna. (C) Second antenna. (D) First maxilla. (E)

Second maxilla. (F) First maxilliped. (G) Second niaxilliiied. (H) Third nuixilliped. (I) First pereiopod.

(J) Telson and uropod.
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There is a series of plumose setae along the mar-

gins of the appendage. All of the setae are con-

siderably shorter than in the preceding stage. A
large spine is present about midway along the

inner margin of the basal segment.
The segments of the exopod of the second an-

tenna have fused to form a flattened scalelike

structure. A series of 11 setae is present along the

inner and terminal margins, with a twelfth pres-

ent on the outer margin. The endopod has de-

veloped into an unsegmented rodlike structure

about two-thirds the length of the exopod. It

bears approximately 4 smooth setae, 3 of which

are terminal. The protopod consists of 2

segments.
The first and second maxillae are essentially

the same as in the preceding stage with the excep-
tion that the scaphognathite of the second maxilla

has become enlarged and now bears 10 setae. The
first and second maxillipeds likewise show no ap-

preciable change.
The third maxilliped is now longer than the

first 2. It consists of a 2-segmented protopod, a

5-segmented endopod, and an unsegmented exopod.

The endopod bears at least 5 setae, 4 of which are

terminal. The exopod bears approximately 6

setae.

The 5 pairs of pereiopods have developed con-

siderably, and are the chief natatory structures of

the larva at this stage. In swimming they are

assisted by the 3 pairs of maxillipeds. The first 3

pairs of pereiopods are chelate and show a slight

increase in size from the anterior to the posterior

part of the body. They are composed of a 2-seg-

mented protopod, an endopod of 2 segments (the

distal end of the endopod is the rudimentary

chela), and an unsegmented exopod. The chela

bears 2 or 3 short terminal setae and the endopod
6. The fourth and fifth pereiopods are composed
of a 2-segmented protopod, a very short unseg-
mented endopod, and an unsegmented exopod
which is 3 or 4 times the length of the endopod.
The endopod bears about 6 terminal setae.

The fii*st and second abdominal segments have

lost their dorsal spines, and those of the third

and fourth segments are much reduced. The dorr

sal spines on the fifth and sixth abdominal seg-
ments are still fairly prominent. In addition,
the fifth segment bears a pair of posterolateral

spines, and the sixth segment bears 2 pairs of pos-

terolateral and 1 pair of posteroventral spines and

a ventromedian spine on its posterior margin.
Buds of the pleopods can be seen on the first 5

abdominal segments.
The uropod now has a protopod which bears 3

spines on its distal border. The exopod and en-

dopod are about equal in length, however, the for-

mer is much the wider. The exopod bears about

8 setae on its inner margin, as well as 2 or 3 short

setae between the subterminal spine on the outer

margin and its distal edge. The endopod bears

about 6 lateral and '3 terminal setae.

The telson beai-s 7 pairs of terminal spines and

a pair of small lateral spines. The median notch

in the distal margin of the telson is quite well de-

veloped, the height of the tip of the notch falling

between the lateral and terminal spines. The

depth of the notch and the level of its tip in rela-

tion to the spines on the telson are important
characters in differentiating the three mysis stages.

SECOND MYSIS

Specimens of the second mysis stage (fig. 16)

measured from 3.3 to 3.9 mm., based on examina-

tion of 8 specimens found in the plankton. The

distinguishing characteristic of this stage is the de-

velopment of rudimentary pleopods.

The carapace now extends back, completely cov-

ering the thorax. The appearance of the rostrum

and the spination of the carapace are the same

as in the preceding stage.

The branches from the distal segment of the first

antenna are now almost equal in length. Numer-

ous setae are present at the junction of the seg-

ments of the appendage. A bulge, which is the

developing statocyst, appears in the basal segment.

A subterminal spine api^eai-s on the outer mar-

gin of the exopod of the second antenna. The

latter bears 8 setae along its inner margin, 4 ter-

minal setae, and 3 setae between the distal tip and

the subterminal spine. The endopod remains un-

segmented and rodlike, and in this stage is ap-

proximately half the length of the exopod. The

distal segment of the protopod bears a median

spine.

The scaphognathite of the first maxilla has dis-

appeared, while that of the second maxilla has

increased in size and now bears 14 setae.
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Figure 1G.—Second niysis. (A) Lateral view. (B) First antenna. (C) Second antenna. (D) First maxilla. (E)

Second maxilla. (F) First maxilliped. (G) Second niaxilliped. (H) Third maxilllped. (I) First perelopod.

(J) Telson and uropod.
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The maxillipeds are much the same as in the

preceding stage, except that the exopod of the

third maxilliped now has 2 segments.
The pereiopods liave grown considerably but

their structure remains essentially the same. Of
the 3 pairs of chelate pereiopods, the third pair is

the longest and the fiist pair the shortest.

Rudimentary pleopods appear on the abdominal

segments in tiiis stage. They are uniramous.

The spination of the abdomen and the appear-
ance of tlie uropods is the same as in the preceding

stage.

The notch at the distal end of the telson is shal-

lower tlian before. The tip of the notch now
reaches only the level of the most external pair
of the 7 pairs of terminal spines. The most ex-

ternal 2 pairs of terminal spines are farther apart
than in the first mysis.

THIRD MYSIS

Individuals of the third mysis stage (fig. 17)
measured from 3.7 to 4.4 mm., based on the ex-

amination of 6 specimens taken from the plankton.
The distinguishing characteristics of the third

mysis stage are the appearance of a dorsal spine
on the rostrum and of well-developed pleopods.
The first and second antennae are much the

same as in the second mysis. However, the exter-

nal branch from the distal segment of the first

antenna is now divided into 2 segments. The
same is time of the endopod of the second antenna.

The first and second maxillae are essentially the

same as in the preceding stage except that the

scaphognathite of the latter has continued to in-

crease in size and bears 16 setae.

The endopod of the second maxilliped has 5 seg-
ments instead of 4 and the exopod is 3-segmented.
The first 3 paii-s of pereiopods are made up of a

protopod of 2 segments, an endopod of 4 segments,
and an exopod of 2 segments. The endopods of

the fourth and fifth pereiopods have 3 or 4 seg-

ments, the protopod and exopod 2 each.

The pleopods are well developed although still

functionless at this stage. They are divided into

2 segments.

The telson hiis become somewhat more elongate
with tlie result that the external pair of terminal

spines of the second mysis is now in a lateral

position. The distal notch has become narrower

and shallower, and the height of the tip of the

notch is now at the level of the most external of

the 6 pairs of tenuinal spines.

FIRST POSTLARVA

Thirteen specimens of the first postlarval stage
measured from 3.8 to 4.8 mm. in body length.
All specimens of postlarvae were taken from the

plankton.
No great metamorphosis takes place at the molt

which gives rise to the first postlarval stage (fig.

18). The pereiopods lose their exopods and the

exopods of the maxillipeds are lost or modified.

The pleopods take over the swimming function.

The rostrum continues to bear 1 spine near its

base and is about equal in length to the eye when
the latter is extended forward. The spine at the

anteroventral corner of the carapace has disap-

peared. In most of the specimens examined, the

supraorbital spines were absent and a supraorbital

crest was developed. In a few cases, however, a

small spine remained.

The inner and outer branches from the distal

segment of the fii-st antenna now have 2 and S

segments, respectively. The statocyst at the base

of the first antenna is fully developed.

The endopod of the first maxilla is much re-

duced, unsegmented, and without setae. There is

no line of demarcation between it and the pedun-
cle. The same can be s?'d for the endopod of the

second maxilla, except that it still has 3 segments.

The scaphognathite, which now bears 18 setae, is

the dominant structure of the appendage.

Striking changes have taken place in the appear-

ance of the first maxilliped. The endopod is un-

segmented, and the exopod has lost its setae. The

peduncle has become greatly widened and bears

numerous setae along its inner mai-gin.

The second maxilliped has lost its exopod. The

endopod consists of 5 segments of which the distal

3 curve inward. The peduncle consists of 2

segments.

The third maxilliped has undergone little

change, with the exception of the loss of the exo-

pod. The endopod still has 5 segments and the

I>eduncle 2.
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Figure 17.—Third niysis. (A) Lateral view. (B) First antenna. (C) Second antenna. (D) First maxilla. (B)

Second maxilla. (F) First maxilliped. (G) Second niaxilliped. (H) Third niaxilliped. (I) First pereiopod.

(J) Telson.
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Figure 18.—First postlarva. (A) Lateral view. (B) First antenna. (C) Second antenna. (D) First maxilla. (E)

Second maxilla. (F) First maxilliped. (G) Second maxllliped. (H) Third maxilliped. (I) First pereiopod.

(J) Fourth pereiopod. (K) Telson.
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The first 3 pairs of pereiopods consist of a pe-

duncle of 2 segments and an endopod of 5. Tlie

chela is formed by the fourth and fifth segments
of the endopod. Tlie fourth and fifth pereiopods
have the same number of segments as the first three

but do not bear chelae. Instead, the fifth segment
of the endopod is slightly cur\'ed and pointed.

The pleopods have 3 segments, the most distal

of which bears about 10 setae. The first three

pleopods are better developed than the fourth and

fifth.

The dorsal abdominal spines are variable in this

stage. Almost all specimens examined had a dor-

sal spine on tlie fifth segment. Some had small

spines on the third and fourth segments, but others

did not. The dorsal spine on the third abdominal

segment was the one most often missing. The

lateral spines on the fifth abdominal segment were

absent on almost all first postlarvae examined, but

were present, although reduced, on at least 1 speci-

men. The 2 paire of lateral spines on the sixth

abdominal segment have disappeared.

The telson is further elongated and now bears

3 pairs of lateral and 5 pairs of terminal spines.

The notch is further reduced, its tip falling be-

tween the most posterior pair of lateral spines and

the terminal spines.

SECOND POSTLARVA

Individuals of the second postlarval stage (fig.

19) measured from 4.7 to 6.6 mm., based on 22

specimens taken from the plankton.

The chief difference between this stage and the

first postlarval stage is the presence of a second

dorsal spine on the rostrum. In addition, the ros-

trum is shortened and does not reach the end of the

eye when the latter is extended forward.

The inner of the 2 branches from the distal end

of the first antenna is now somewhat longer than

the external branch and has 3 segments. The

flagellum of the second antenna is larger and is

composed of 5 segments.

The maxillae are more developed. The sca-

pliognathite of the second maxilla is larger and

l)e.ars approximately 30 setae.

The endopod of the first maxilliped is much
smaller than the exopod, and the mastigobranchial

plate has developed greatly. The second maxilli-

{ie<l is curved to a gi-eater degree than in the first

jxtstlarva, while the third maxilliped is essentially

the same. The same is true of the pereiopods and

pleopods.
There are no spines on the third through fifth

abdominal segments.
The telson does not differ markedly from the

l)receding stage. The notch, however, is some-

what less evident.

ADVANCED POSTLARVAE

A series of specimens of postlai"vae (fig. 20)

from the 3-dorsal rostral-spine stage through the

10-dorsal and 2-ventral rostral-spine stage, meas-

uring from 5.7 to 18.6 mm., was examined (see

table 2). From the work of Hudinaga (1942)

on P. japonien.s, it appears probable that several

molts occur, with the postlarvae retaining the same

number of rostral spines. Hudinaga's observa-

tions were made on living material. Although the

present study dealt exclusively with preser\-ed ma-

terial, it was noted that the anteriomiost rostral

spine of a group of postlarvae having the same

number of rostral spines often varied in size.

Since this spine is always the one most recently

developed, this may be added proof for the sup-

position that the same number of rostral spines

are retained through several molts.

The first ventral spine on the rostrum appears
in the stage that has 7 dorsal rostral spines (at

approximately 10 to 11 mm.), although the stage
or stages preceding it have 7 dorsal and no ventral

rostral spines. Likewise, the second ventral spine

appears when 8 dorsal spines are present (at ap-

proximately 12.5 to 13.5 mm.), although there are

specimens with 8-1-1 rostral spines.

The biramous condition of the pleopods is first

clearly evident in the 8 + 1 stage, but development

may have begun in the preceding stage.

Table 2.—Measurements of 48 advanced-stage postlarvae

examined

Number of rostral spines (dorsal-)-Teotral)



344 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

Figure 19.—Second postlarva. (A) Lateral view. (B) First antenna. (C) Second antenna.

(E) Second maxilla. (F) First maxilliped. (G) Second maxilllped. (H) Third maxilliped.

(J) Fourth pereiopod. (K) Telson.

(D) First maxilla.

(I) First pereiopod.
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Development of the carapace is marked by an

increase in size of the hepatic spines. An antero-

lateral spine just ventral to the eye appears in the

7+ 0-rostral-spine stage and increases in size at

each molt thereafter.

The relative lengths of the rostrum and eye dif-

fer tlirongh the postlarval stages. In the first

postlarval stage, the rostrum extends to the edge
of the eye or exceeds it in length when the eye is

extended forward. The rostrum becomes short-

ened in the second jx)st]arval stage to aliout two-

tliirds the length of the eye, and does not again

equal it in length until ai)proximately the 8 + 2-

rostral-spine stage is reached. Thereafter, the

rostrum is somewhat longer than the extended eye.

DISCUSSION

The number of stages in each of the phases

through which the larvae pass has been found to

vaiT with the species. Hudinaga (1942) reared

PiGUKE 20.—Carapace and rostrum in advanced post-

larvae. (A) 6.9mm. (B) 7.2mm. (C) 9.0mm. (D)
10.2 mm. (E) 9.3 mm. (F) 10.4 mm. (G) 11.1 mm.

(H) 12.6 mm. (I) 13.5 mm. (J) 15.5 mm. (K) 15.5

mm. (L) 17.8 mm. (M) 18.6 mm.

the larvae of P. japonicus through 6 nauplial

stages, while Heldt (1938) found 8 in P. trimlca-

tus. Peai-son (1939) found 5 nauplial stages in

P. setifer'us, while Heegaard (1953), working only

with planktonic material, found 3 stages for the

same species. All of these authors found that the

species with which they were working passed

through 3 protozoeal stages, while 3 mysis stages

were observed in P. japonicus, 4 in P. trmthatus,

and 2 in P. -sefiferi/.s. Broad ( 1957) noted a varia-

tion in the number of lan'al stages in Palaemone-

tes, depending on the quantity of food available.

COMPARISON WITH P. SETIFERUS

The number of nauplial stages found in this

study for P. diwrarmn was five, the same as was

foiuid by Pearson for P. setiferus, but there are

slight differences between the corresponding stages

of the two species. In the firet nauplius, Pearson

made no mention of the dorsomedian spine near

the posterior end of the body that was noted in

P. duorarwri: Pearson found the second nauplius
of P. setifems possessed two pairs of furcal spines.

Heegaard described as a first nauplius of the same

species a stage which the editors of his paper con-

cluded was a second nauplius because of the

appearance of setules on its setae. This stage

had a single pair of furcal spines, the condition

found in the second nauplius of P. duorarwn.

Pearson found frontal organs on the fourth and

fifth nauplial stages, while Heegaard found them

on his "last" nauplial stage and first protozoea.

Frontal organs were seen only on the fifth nauplius
of P. duorarwm; however, they may also be present
on the fourth nauplius.
Of considerable interest is the number of mysis

stages. Pearson describes two mj'sis stages and

Heegaard does likewise. An editorial iiot« in

Heegaard's paper states, "Heegaard's 'Second

Mysis' appears to represent a considerably less

advanced stage than Peareon's and it seems prob-
able that there are more than two mysis molts in

P. setifems (of. Heldt, 1938, and Hudinaga, 1942,

on other species of Penaeus) ." This appears true

for certain characters, e.g., the absence, of a rostral

spine, but other structures, such as the telson, ap-

jiear to be well developed.

Three mysis stages were found in the develop-

ment of P. diioramm. The presence of three

stages was based upon the development of the
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pleopods and tlie telson as mentioned above. In

addition, the third mysis could be distinguished

by the presence of a rostral spine.

A comparison of the corresponding stages in the

development of P. setiferus (based on Pearson's

work) and of P. duorarwm is presented in table 3.

The mysis stages were not included since they may
not be comparable in the two species.

Table 3.—Corresponding stages in Penaeus duorarum and
P. setiferus

[Dat» on P. setiferut from Peaison, 1939]

Table 3.—Corresponding stages in Penaeus duorarum and
P. setlferus^—Continued

stage and struc-
ture

NaupUus I:

Length
Width
Ocellus
Labnun...

Antenna I

Antenna II..

Mandible..

Caudal furcae
and spines.

Setae

NaupUus II:

Length
Width
Ocellus
Labrum...
Antenna I

Antenna II..

Mandible
Maxillae and

maillllpeds.

Caudal furcae
and spines.

Setae

NaupUus III:

Length
Width
Ocellus
Labrum...

Antenna I..

P. duoraTum

0.35-0.40 mm
0.18-0.20 mm
Present
Rounded, ventrally pro-
jecting; ends at level of

mandible.
Unlramous and unseg-
mented; bears 2 lateral

and 3 "terminal" setae (2
terminal and 1 dorsal).
Bud of another terminal
seta present.

Biramous and unseg-
mented. Endopod
bears 2 lateral and 2
terminal setae. Bud of
another terminal seta

present. Exopod bears
3 lateral and 2 terminal
setae.

Biramous and unseg-
mented. Endopod and
exopod bear 3 terminal
setae each.'

Furcae undeveloped.
Caudal end bears 1 pair
furcal spines. Dorso-
median spine present
near posterior end of

body.
Smooth.. _

0.40-0.46 mm
0.18-0.20 mm
Present
Same as NaupUus I

Unsegmented. Bears 2
setae on anterolateral
and 1 on posterolateral
surface, and 3 terminal
setae.

Unsegmented. Endopod
bears 2 lateral and 3 ter-

minal setae. Exopod
bears 3 lateral and 3
terminal setae.

Same as NaupUus I

Not observed.

Furcal processes undevel-
oped. Caudal end stiU
bears 1 pair strong furcal
spines.

Longer setae of append-
ages bear numerous
setules.

0.46-0.49 mm
0.17-0.20 mm
Present ._

Same as in preceding
stages.

Shows signs of segmenta-
tion. Bears 2 lateral
and 3 terminal setae.

P. setiferus

0.30-0.34 mm.
0.16-0.20 mm.
Present.
Same as in P. duorarum.

Unlramous and unseg-
mented; bears 2 lateral

and 3 terminal setae.

Biramous and unseg-
mented. Endopod bears
2 lateral and 2 terminal
setae. Exopod bears 3
lateral and 2 terminal
setae.

Same as In P. duorarum.

Furcae and furcal spines
the same as in P. duora-
rum. No mention of
dorsomedian spine.

Smooth.

0.32-0.34 mm.
0.16-0.18 mm.
Present.
Same as in NaupUus I.

Same as in P. duorarum.

Same as in P. duorarum.

Same as In NaupUus I.

Faint anlages of first and
second maxUUpeds ap-
pear posterior to mandi-

SUght furcal processes,
each bears 1 strong and
1 weak furcal spine.

Same as in P. duorarum.

0.36-0.40 mm.
0.14-0.16 mm.
Present.
Same as In precedingstages.

Unsegmented. Setatlon
same as in P. duorarum.

Stage and struc-

ture

NaupUus ni-Con.
Antenna II

Mandible

MaxUlae and
maxtUipeds.

Caudal fin-cae

and spines.
NaupUus IV:

Length
Width
Frontal organs
OceUus
Labrum
Antenna I

Antenna II

Mandible. .

MaxUlac and
maxlUipeds.

Caudal furcae
and spines.

NaupUus V:
lyength ___

Width.- _

Frontal organs.
OceUus
Labrum

Carapace

Antenna I

Antenna II.

Mandible..

P. duorarum

Maxillae..

See footnote at end of table.

MaxlUipeds..

Caudal furcae
and spines.

Protozoea I:

Body length..

Carapace
length.

Unsegmented. Endopod
bears 2 lateral and 3 ter-

minal setae. Exopod
bears 3 lateral and
4 terminal setae.

Same as in preceding

Not observed.

Well-developed. Each
furca bears 3 spines.

0.48-0.65 mm
0.18-0.20 mm...
Absent?
Present
Pointed posteriorly
Segmented. Bears 2

lateral and 3 terminal
setae.

Endopod appears unseg-
mented and bears 2
lateral and 3 terminal
setae. Exopod hasabout
9 segments and bears 4

lateral and 4 terminal
setae.

Swelling appears in base.

Endopod and exopod
unsegmented. Seta-
tlon same as in previous
stages.

First and second maxUlae
and first and second
maxlUipeds appear ex-

temaUy on ventral sur-
face. Biramous; how-
ever, exopods of maxil-
lae knoblike.

Bear 6 spines each

0.63-0.61 mm
0.17-0.20 mm
Present
Present _..

Large and pointed pos-
teriorly.

Can be seen dorsaUy under
cuticle.

Segmented; bears 3 setae
on anterolateral and 2

setae on posterolateral
surfaces; 3 terminal se-

tae.

Endopod bears 3 lateral

and 4 terminal setae.

Exopod bears 6 lateral

and 4 terminal setae.

SweUing at base of man-
dible pronounced; shows
spherical masticatory
surface. Endopod may
or may not be transpar-
ent due to lack of mus-
culature.

Larger and biramous. Ex-
opods small and knob-
liie. Endopods bear
both terminal and lat-

eral setae. Second max-
illae larger than first.

Larger and biramous.
Exopods typicaUy palp-
like and bear terminal
setae. Endopods bear
both terminal and lat-

eral setae.

Each bears 7 spines. Buds
of barbs appear on longer

0.86-1.02 mm. (reared
larvae). 0.98-1.14 mm.
(from plankton).

0.40-0.49 mm

P. ietiferus

^ame as in P. duorarum.

Sameasinpreceding stages.

StUl under cuticle in mid-
line.

Same as in P. duorarum.

0.38-0.44 mm.
0.16-0.18 mm.
Present.
Present.
Same as in P. duorarum.
Same as In P. duorarum.

Endopod may or may not
be segmented and bears
2 lateral and 3 terminal
setae. E.xopod has about
8 segments and bears 4

lateral and 4 terminal
setae.

Same as in P. duroarum,
except that the endopod
appears to be segmented.

First and second maxiUae
and first and second
maxlUipeds appear ex-

temaUy on ventral sur-
face. Biramous.

Same as in P. duorarum.

0.46-0.66 mm.
0.16-0.20 mm.
Present.
Present.
Same as in P. duorarum.

Same as in P. duorarum.

Same as in P. duorarum.

Endopod bears 2 lateral

and 4 terminal setae.

Exopod bears 4 lateral

and 6 termin.ll setae.

SweUing at base of man-
dible pronoimced; shows
spherical masticatory
surface. Endopod trans-

parent due to lack of

musculature.

Larger and biramous. Pos-
sess sliort terminal .setae.

No other description
given.

Larger and biramous. Pos-
sess short teimlnal setae.

Each bears 7 spines.

0.80-1.14 mm.

0.46 mm. in first protozoea
with a body length of

0.86 mm.
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Table 3.—Corrtsponding stages in Penaeus duoramni and

P. setiferus—Continued

Stage and struc-

ture

Protozoca I—Con.
Carapace
width.

Compound
eyes.

Frontal orRans
Ocellus

Labrum

Labium.

Antenna I..

Antenna II.

Mandible.

Maxilla I.

MaxlUa II.

P. duoTarum P. tetiferu)

Maxllllped I..

n.35-0.44 mm

Developing under cara-

pace.
.\liscnt

Present between develop-
ing compound eyes.

Rouphly oval. Anterior
edge has large spine;

posterior margin .slight

notch and short bristles.

2 lobed; extends from
under labrum; bristles

along median border of

lobes.

Divided Into 3 major seg-

ments; with basal seg-
ment subdivided into

5 segments. Bears 8

setae.

Protopod, 3 segments and
without setae. Endo-
pod, 2 segments and
9 setae. Eiopod. ap-
proximately 10 segments
and 13 setae.

Has lost endopod and all

but trace of exopod.
Well-developed mastica-

tory surface.

Maiilliped II..

Caudal furcae
and spines.

Digestive
tract.

Protopod has 2 segments;
endopod 3. Inner mar-
gins of these segments
lobed. Exopod (sca-

phognathite) is budlike.

Protopod has about
8 setae, endopod approx-
imately 9, and exopod 4.

Larger than first maxilla.

Protopod has 4 lobed
segments and about 10

setae. Endopod has 5

segments with approxi-
mately 11 setae. Exopod
(scaphognathite) bud-
like and bears 6 setae.

Largest of maxillae and
maxiUipeds. Protopod
has 2 segments (not
lobed), each segment
bearing 3 to 5 setae.

Endopod has 4 segments
and about 11 setae.

Exopod unsegmented
and bears 7 setae. Both
endopod and exopod
palplike.

Smaller than first maxll-

llped. Protopod has 2

segments and about 5 to
7 setae. Endopod has
4 segments and 9 or 10

setae. Exopod unseg-
mented and bears 6
setae.

Each furca bears 7 spines,
the most external of
which emanates from
dorsal surface. Longer
spines bear setules.

Wider in anterior and pos-
terior portions than
between.

0.36 mm. in first protozoea
with a body length of

0.86 mm.
Same as In P. duorarum.

Absent.

Same as in P. duorarum.

Anterior edge sharply
pointed; posterior edge
rounded and covers a
section of mandibles.

No description given.

Same as In P. duorarum.

Protopod, 2 segments and
without setae. Endo-
pod, 2 segments and
8 setae. Exopod, 9 or 10

segments and 12 setae.

Mandible modified Into

flattened plate with ser-

rated edge on iimer

margin. Both endopod
and exopod temporarily
lost.

Protopod has 2 segments;
lobed on inner margins.
Each lobe bears aljout

4 setae. Endopod has
3 segments and bears
8 setae. Several addi-
tional outer lateral setae

also present on endopod.
Exopod (scaphognathite)
a small lobe bearing
about 2 setae.

Larger than first maxilla.

Protopod has iimer mar-
gin divided into 4 small
lobes each bearing 2

setae. Endopod has 4 or

Ssegmentseach with pair
of setae. Exopod (sca-

phognathite) knoblike
and bears 3 setae.

Elongate biramous struc-

ture. Protopod has 2

segments and 4 setae.

Endopod has 9 segments,
each segment except dis-

tal bearing pair of setae.

Distal segment has 4

setae at the tip. Exopod
has single segment and
bears about 4 lateral and
4 terminal setae.

Considerably smaller than
the first. Protopod has
2 segments and 4 setae.

Endopod has 5 segments
and 10 setae. Exopod
has single segment and
bears 7 setae.

Bifurcation of tall stronger
than In fifth nauplius.
Median notch made by
bifurcation is semlovate.
7 spines on each furca.

Consists of oesophagus,
stomach, and IntestUie
and ends in anus which
opens somewhat ven-

trally at the apex of the
notch at the posterior
end of the body.

' One of the 3 terminal setae of the exopod actually arises from a constric-
tion in the ramus approximately foiu'-fifths the distance from the body.

The descriptions of tlie second and tliiid pro-

tozoea of /'. xctlfn us ;ne not detailed enough to

allow a tabular comparison of the two species.

The second protozoea measured from 1.5 to 1.9

mm. in P. (hiorai-vm compared with 1.3 to 1.7 mm.
in P. setiferuH. Measurements of the third pro-

tozoea were 2.2 to 2.7 mm. in tlie pink shrimp and

2.2 to 2.0 mm. in the w liite shrimp.

From Pearson's drawinjj; (1939: fig. 9, p. 18) it

can be seen that (lie second jji-otozoea of P. sefi-

frriix lacks a seta at the junction of the distal two

segments on the posterolateral margin of the first

antenna. The corresponding stage of P. dnio-

riinim has a short seta at this location. Other-

wise, little difference can be noted at this stage

between the two species.

The first and seco:>;l postlarval stages of P. duo-

rarum and P. setiferus are also very similar on the

basis of available descriptions. Pearson reports

that the supraorbital spines of the first postlarva

are still present, although reduced, while examina-

tion of that stage of P. duorarum reveals that the

spines are almost always missing. Size ranges of

these stages are similar.

COMPARISON WITH P. AZTECUS

Unfortunately, the laixal stages of the brown

shrimp. P. azfecus, have not been described. Pear-

son (1939) compared various-sized postlarvae that

he originally called P. hrirriJiemis (and, in a foot-

note, tentatively referred them to P. aztecus) with

similar-sized specimens of P. setiferus. He found

four principal characters separating the two spe-

cies in these stages. These cliaracters concern the

spination of the rostrum and the relationships of

the lengths of the rostrum and the third pereiopod

to the length of the eye.

Williams (1959) reviewed the characters de-

scribed by Pearson and i)resented a provisional

key which could be used to distinguish the post-

larvae of P. setiferus. P. nztenis. and P. duorarum,

under 12 mm. total length. In this key, a differ-

ence is noted lietween tlie antennal scales of the

young postlarvike of the latter two species. In P.

iizterus. the antennal scale is "nearly unifonn in

shape with the lateral spine extending beyond the

broadly rounded tij)," wliile in P. duoraruni, "the

tip was more, or less acutely romided with the apex

near the mesial aspect of the tip. The lateral
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spine did not reach the tip." Examination of

postlai-vae of the two species under 12 mm. total

lengtli showed this to be an accurate description.

Williams (1953) compared postlarval and ju-

veniles of P. setiferus^ P. aztecus, and P. duo-

rarum. He included drawings of the rostra of

17-, 27-, 37-, and 47-mm. shrimp of the three

species; hence the series of rostral drawings of

P. diwrarum were terminated at approximately
18 mm. in this paper.
Lebour (1959) reported larvae of P. duorarum

in collections made off the coast of tropical West
Africa. She figured a 4+ 0-rostral-spine stage

(fig. la, p. 141), having well-developed biramous

pleopods
—a condition not appearing in postlarval

P. duoro,Tni')n from Florida waters until the stage in

which 8 or 9 doreal spines are present on the

rostrum.

SUMMARY
Four rearing experiments were conducted in

which the larvae of Penaeus dxiorarnm-, the pink

shrimp, were raised from eggs obtained from ma-

ture females. Young were reared through five

nauplial stages and into the first protozoeal stage.

The egg, five nauplial, three protozoeal, three

mysis, and two postlarval stages are described and

illustrated. In addition, a series of thirteen draw-

ings of the rostra of advanced postlarvae is in-

cluded. The first six stages were described from

specimens raised from eggs, while the remainder
of tlie stages were described from specimens
collected from the plankton.
The larval stages of P. duoraruTn are compared

with those of P. setiferus as described by Pearson

(1939). Differences between the postlarvae of

P. duoraruin and P. aztecus, as noted by Williams

(1959), are discussed.
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ABSTRACT

Iiiflividual variations in erythrocyte antigens have been found in redfish,

Sebastcs mariniis, from the western North Atlantic. Two closely related

antigens, tentatively labeled Ai and A-, were demonstrated with specific

reagents created by absorptions of rabbit antisera. Each reagent would

agglutinate cells of only one antigenic type, so it was possible to identify

fish as possessing A, or A- antigen. Individuals with the erythrocyte antigen

Ai make up more than 75 percent of the Eastport (Maine) redfish population.

Since antigen frequencies may vary from one population to another, quantita-

tive studies of each major fishing area should provide further information

about discreteness of groups and the extent of their movements.



SEROLOGICAL STUDIES OF ATLANTIC REDFISH
By Carl J. Sindermann, Fishery Research Biolojiist

Bureau of Commercial Fisheries

Knowledge of tlie population struetnre of com-

mercial mai'ine fish species is important as a

basis for management. Trad itionally, information

about intraspecies groups has been derived from

morphometric and meristic studies, tagging, or

age and grow-th studies. Valuable data have been

obtained through the use of sucli methods, and it

seems reasonable that the greater the number of

criteria used, the more accurate will be the con-

clusions. For tliis reason, and because of the

ultimate need for genetic information about intra-

species groups, attention has been directed re-

centl}' toward serological methods of population

analysis, and particularly toward blood-group re-

search. Serological studies of marme fishes

(Gushing, 1952, 1956; Ridgway, 1957; Eidgway,
Cu.shing. and Durall, 1958; Suzuki, Shimizu, and

Morio, 1958: Sindermann and Mairs, 1959; Ridg-

way and Klontz, 1960) have demonstrated indi-

vidual ditferences in red-blood-cell antigens, and,

in some studies quantitative differences m the

frequency of occurence of antigens in different

populations. Knowledge of such differences

should pro\e as useful in fishery investigations

concerned with population or racial problems as

that of the racial distribution of human blood

groups has to anthropological studies.

Before quantitative studies are possible, how-

ever, the often slow but always essential develop-

ment of blood-group systems and standardization

of reagents for their demonstration must be car-

ried out. This paper is concerned with the recog-

XoTE.—This paper was prosPiited as part of the United States

contribution to an international redfish symposium at Copen-
haeen. Denmark, in October 19.59, sponsored jointl.v by the Inter-

national Council for the Exploration of the Sea and the Inter-

national Commission for the Northwest Atlantic Fisheries. An
abstract appears in vol. 150. Rapports et ProcSs-Verbeaux. Cons
Int. Expl. Mer, 1961.

The author acknowledfres the assistance of Donald Malrs and
Alva I''arrln, Boothbay Harbor, Maine, and Georpe Kelly, Woods
Hole. Massachusetts.

.\pproved for publication. December 13, 19(>0. Fishery
bulletin 191.

nifion and description of blood-group antigens in

redfish, Sebastes mai'inu.s (L.), which in recent

years has become a commercially \aluable species

in the western Xorth Atlantic. Attention has

lieeu directetl to this fish because of confusion

about certain iiH>i|)hologically recognizable groups
which arc possibly of subspecies stature, and be-

cause of a lack of knowledge concerning the popu-
lation structure within these groups. Such

problems should be amenable to serological in-

vestigation; the blood group antigens described

here represent a first, tentative, but necessary step
in this process.

METHODS

Samples of redfish blood were obtained from

Eastport, Maine, and Georges Bank in the south-

em Gulf of Maine. Blood was taken directly

from the heart; cells for testing were washed

from clots with a 1.4 percent saline solution and

were used in ajDproximately 4 percent suspensions.

Antisera were prepared in rabbits and chickens

by injections of individual and pooled samples
of washed redfish blood cells diluted 1 : 1 witli

saline. Usually, a single, short injection series

was used to develop as specific antisera as possible.

Six injections of 1 milliliter each were given on

alternate day.s. Rabbits were trial bled 10 days
after the last injection, and, if the antiserum (iter

l)roved satisfactory, food was withheld and tlic

animals were bled terminally on the following

day. Rabbit antisera wei'e also prepai'ed by in-

jecting red cells of cod, herring, alewife. lainpii'v.

and sheep.
Cell agglutination tests were made at room tem-

perature within 72 hours from the time the fish

blood was taken, although reactions of refriger-

ated cells did not change noticeably up to 7 days.
Tube agglutination tests used 0.'2 ml. antiserum

dilution and 0.05 ml. cell suspension. Readings
were taken after 15 luinutos incubation at room

351
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temperature and 30 seconds centrifngation. In

the preparation of specific, agglutinating reagents,

antisera were absorbed by incubating one part
redfish cells and four parts diluted antiserum for

10 minutes at room temperature. One absorption
was usually sufficient to remove all antibodies

reactive with the absorbing cells. Eeagents and

antisera were frozen in 3-ml. aliquots which were

thawed and heat-inactivated just before use to

destroy complement.

RESULTS

Rabbit antisera prepared by injecting pooled
and individual samples of redfish cells provided
the first indication of individual differences in

redfish erythrocytes. At appropriate dilutions of

these antisera, cells of certain fish reacted weakly,
while cells of other fish were strongly positive.

As an example, a rabbit antiserum (labeled

GBR17E), prepared by injecting pooled cells of

14 Georges Bank redfish, agglutinated cells of

certain redfish from a small sample taken at

Eastport, Maine, to a titer of 1 : 128, while cells

from other fish in the same sample were not ag-

glutinated beyond the 1:32 dilution (table 1).

The degree of agglutination was recorded conven-

tionally in descending order from (+ + + +),
representing complete agglutination, to

(
—

),

indicating no agglutination.

Table 1.—Rcuctioiu of rabbit anti-rcdfifih scrum
(GBR17R) with erythrocytes of si.r individual Eastport
redfish

Table 2.—Results of absorbing^ rabbit anti-redfish scrum
(GBR17R) tcith erythrocytes of six individual Eastport
redfish

Antiserum
OBR17R
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Table 3.—Resultx of absorbing rabbit anti-cod scniin

(MIC8R) witli erythrocytes of six indiridual Eastport

redfish

Antiserum
.MIC8R diluted

1
 4 and ab-
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teleosts as well as other vertebrate groups. Recent

iiiulings of Suzuki, Shiniizu, and Morio (1958).

Sindermami and Mairs (1959), and Eidgway and

Klontz (1960) suggest that geographic variation

in antigen frequencies can also be expected. If

this is generally true, sucli variations may prove

important tx) population or racial studies of

marine fishes.

The A blood-group antigens of redfish de-

scribed in this paper represent a first phase in

serological characterization of this important

marine fish species. Future work should include

quantitative studies of the distribution of A-group

antigens in redfish from widely separated areas,

to see whether there is variability in their fre-

quencies. Furthermore, search should be contin-

ued for other blood-group antigens in the species,

since adequate serological characterization may

depend on several such criteria. Just as in hu-

mans it is possible to make major racial separa-

tions based on the ABO blood-group system alone,

so an initial redfish population analysis may be

based only on the A antigens. However, more

precise population subdivisions and indications

of past migrations of humans have emerged

from studies of several blood-group systems, and

more complete understanding of redfish popu-

lations could depend on identification, description,

and use of more than one system. The initial

serological step has been taken, with encouraging

results, but more information on a mucli liroader

scale is necessary.

Use of the varied approaches available to serol-

ogy, including study of sermii and egg proteins

as well as eiythrocyte antigens comparable to

those described here, should provide further data

for fish systematic studies, both above and below

the species level. It should be emphasized how-

ever that no single approach to problems of sub-

species, races, or subpopulations can be a panacea.

Serology may constitute one of several criteria in

such analyses, along with traditional morphomet-
ric and meristic studies, but a final synthesis

should include data from diverse methods of in-

N-estigation. It does seem, though, that once tech-

niques have been sufficiently standardized, serol-

ogy will provide a powerful tool for biological

studies of such commercially valuable species as

the redfish.

CONCLUSIONS AND SUMMARY

Individual differences in ei-ythrocyte antigens

have been found to exist in redfish. Det«ction

of such differences was possible with absorbed

rabbit anti-redfish and anti-cod serum.

Based on results of antiserum absorptions, two

closely related antigens, Ai and Ao have been

identified. Reagents were prepared which spe-

cifically agglutinated cells possessing each antigen.

Using the reagents prepared by absorptions of

antisera, it has been found in limited sampling

that redfish possessing the erythrocyte antigen Ai

make up more than 75 percent of the Eastport

(Maine) population.

Quantitative studies of antigen frequencies in

samples from each major fishing area should pro-

vide information about the intraspecies structure

of redfish.
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ABSTRACT
The method of estimating red-salmon escapements used from 1955 to 1959 on the

Kvichak River (Alaska) involved taking visually systematic sample counts as the fish

passed observation towers beside the paths of migration. The counts followed a sam-

pling design which fluctuated in extent of coverage with the intensity of the run. This

report describes in detail the method of sampling and calculating the escapement esti-

mates, summarizes the counts for each year, and discusses the accuracy of the estimates.



ESTIMATING RED SALMON ESCAPEMENTS BY SAMPLE COUNTS
FROM OBSERVATION TOWERS
By Clarence Dale Becker, Fishery Biologist

Fisheries Researcli Institute, College of Fisheries,

University of Washington, Seattle, Wash.

The Kvichak Eiver system of western Alaska

is tlie foremost producer of red or sockeye salmon,

Oncorhynchus nerka (Walbaum), for the Bristol

Bay commercial fishery. Since 1955, a series of

biological investifrations on the red salmon of this

system has been conducted by the Fisheries Re-

search Institute of the University of Washintrton.

A major aspect of the investigation has been to

estimate the numbers of adult red salmon which

compose the annual spawning escapement.
The metliod of estimation developed by the

Institute involves systematic visual sample counts

of tlie transient bands of migrants, taken in the

main river after the fish have passed through the

fishery and before they have dispersed throughout
the spawning grounds. Wlien the numbers of Hsh

in the commercial catch are added, the total return

can be determined. In addition, when the data

are coupled with age analysis of scale samples from
botli the catch and the escapement, accurate esti-

mates can be made of the number of atlults in each

age group returning from a given year of spawn-

ing and from a given year of seaward migration.
It is file pur])ose of this report to: (1) describe

in detail tiie counting method, (2) summarize the

counts from the years 1955 to 1959, and (3) discuss

the factors influencing the estimation. The tech-

niques discussed are the results of 5 years of re-

search on the Kvichak.

This method of estimating a salmon escapement
from tower counts made from observation towers

in Bristol Bay, Alaska, was proposed by W. F.

Tliompson in the spring of 1953, and he organized
the initial ex[)eriment on tlie Wood River in that

same suiinner ( Fisjieries Research Institute, 1955;

Tliompson and Clancy, 1959) . The success of this

method promptecl repetition the following year.

Note.—Aiipruveil for puliliciitlon ,Inn, .'JO, 1961.
letin 192.

Fishery Biil-

with expansion to the Kvichak River system in

1955. In 1956 and 1957, tlie Bureau of Commercial

Fisheries, U.S. Fish and Wildlife Service, com-

pared estimates from tower counts with those from

the weirs on the Egegik River and found insignifi-

cant differences in total numbers of fish (Bureau of

Commercial Fisheries, 1956 and 1957). In 1957,

for the first time the escapements to all major red

salmon streams in Bristol Bay were assessed from

intermittent visual counts made from towers along
the river banks.

Tiie Kvichak River is about 57 miles long, drain-

ing from Iliamna Lake and following a twisting

course tlirough flat tundra country before flowing

into Kvichak Bay (fig. 1). Its lower 43 miles is

influenced by tides and the river has a mean depth
of about 10 feet. From the head of tidewater, a

broad area of numerous shallow channels called

the Kaskanak Flats extends upriver 8 miles. From
the flats to the outlet of Iliamna Lake, a distance of

4 miles, the river is restricted to a deeper channel

that contains a few islands and gravel bars.

The system drains a watei'shed of 7,700 square

miles, which includes a profusion of lakes and

connecting or tributary streams. Iliamna Lake

alone is 77 miles long and from 8 to 20 miles wide.

Clark Lake, connected to Iliamna Lake by the

Newhalen River, is 52 miles long and from 1 to

4 miles wide (U.S. Army Corps of Engineers,

1957). Extensive red salmon spawning grounds
are distributed in streams, in spring ponds, and

on beaches throughout the area.

As the Kvichak River empties into the ocean it is

joined by first the Alagnak and then the Xaknek

River. These streams each sustain their own

populations of red salmon, which mix as they

arrive from ocean feeding grounds and encounter

the commercial fishery in the Kvichak-Naknek

district.

355
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f/^y CLARK LAKE

• ^

Figure 1.—Kvichak River system : one of the principal spawning areas for red salmon in the Bristol Bay region of

western Alaska.

The Kvichak-Niiknek district is one of several

areas in Bristol Bay in which commerical fishing

is permitted. The fishery came into large pro-
duction at the turn of the century. Continuous

catch and pack records since that time show tre-

mendous fluctuations in abundance of red salmon

from year to year. These fluctuations have

formed a cyclic pattern with peak catches usually

occurring every 4 or 5 years. From 1910 to 1958,

the average annual catch was 9 million fish. The

peak catch was taken in 1938 when 21 million red

salmon were supplied to local canneries. Since

1938, however, the cycles tended to decline, and
the catch reached a 60-year low of 923,000 fish in

1958.

Accurate estimates of escapements into the

Kvichak River system are lacking for the years
prior to 1955. In only one year was the entire

escapement counted : in 1932, when the Bureau of

Fisheries passed 5,065,000 salmon through a weir

on the upper river (U.S. Bureau of Fisheries,

1933). Continued enumeration by weirs proved

impractical because of excessive costs of construc-

tion and maintenance, hence, their use was

discontinued.

Catches have been used in some areas as indices

to escapements. But catches in the Kvichak-

Naknek district include fish destined for the

Kvichak, Nalmek, and Alagnak Rivers, and to a

lesser extent, the Egegik River. In addition, year-

ly changes in the distribution of gear, the intensity

of the fishery, and contributions of the various

runs, all vary the relation between catch and es-

capement. For these reasons, the catches are poor
indices to red salmon escapements up the Kvichak

River.

Estimates of the numbers of salmon on the

spawning grounds, obtained from aerial surveys.
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liave also been used as means of determining the

escapements. However, detailed surveys of the

numerous and widely distributed spawnin<r areas

of Iliamna Lake in the past 5 years have failed

to reveal more than 20 percent of the estimated

total Kvichak migration as determined from

observation-tower counts. This pei'centage has

varied from year to year; also the relative number

of total spawners in each major spawning area

has varied from year to year, irrespective of the

size of the escapement. Hence, indices based on

counts of spawning fish in the Kvichak River

system appear to be highly unreliable.

METHOD OF OBSERVATION

The sample-count method of estimating escape-

ments is based on the migi'atory habits of red

salmon as they move up the river toward the area

in which the}' originated. Salmon fii"st appear in

the Kvichak River the latter part of June and

continue to pass upriver throughout July, with a

migration peak occurring near the middle of the

month. Once in the river the fish seek places where

currents are reduced. Since areas of low currents

are usually found near the bottom and next to the

banks, the migrants follow restricted paths close

to the shore where they can be readily observed.

This habit is quite consistent in sections above

tidewater where the river is confined to a single

channel and where there are swift midstream

currents.

It has been found that current velocities 6 inches

from the bottom at the sites where the counts are

taken range from 1.55 to 2.13 ft. a second, while

those 6 inches from the surface range from 2.34

to 3.34 ft. a second. In 1959, the migrants passed

upriver at an average relative speed of 1.52 ft. a

second against the bottom currents.

Varying water levels influence the paths taken

by the fish. Red salmon generally follow the banks

more closely when the water level is high because

of the relatively greater area of deep and quiet

water close to shore. Kvichak water levels at the

fir.st of July have varied more than 2 feet from

year to year, and usualh' rise from 8 to 14 inches

during that month.

Fish apjiear in small se]>arate schools when the

size of the run is low. As the magnit nde increases,

the schools become larger and extend until the fisli

are ])assiiig in continuous bands. The separate

schools behave somewhat erratically, but when the

migration intensity is high the fish are less wary
and follow the banks more closely. The direction

of migration is usually continuously upi-iver.

Only a few fish return downstream at the Kvichak

counting site, and these occur invariably near tlie

end of the migration. Slack water areas and

sloughs are utilized by some individuals to rest.

These fish conunouly bear injuries from gill nets

and predators in the ocean.

From extensive beach seining the Kvichak River

escajDements have been found to consist almost

entirely of red salmon. Other species of salmon

occur in the seine samples largely near the end of

the migration, and make up less than 0.5 percent

of the total escapements. The other species are

omitted from the counts when identified from the

towers, and therefore the possible error caused by

including species other than red salmon is very

small.

The visual counts are taken from towers erected

at suitable locations, aided by use of background

panels to silhouette the fish, turbidence reducers to

smooth the surface, and other special counting

aids. Once all migration paths can be observed

clearly, it is relatively simple to count during sam-

pling periods of predetermined length and to

estimate the total escapement with a high degree

of accuracy.

Tower Locations

The migratory habits of the fish and the physi-

cal characteristics of the Kvichak River limit the

number of suitable sites for observation towers.

The river below Kaskanak Flats is turbid and sub-

ject to tides that periodically revei'se current flow.

Migrants filter through the channels of the fiats

in numerous locations. Consequently, the most

practical counting sites are limited to the area

above the flats. The counting sites selected are

near the outlet of Iliamna Lake close to the village

of Igiugig and more than 50 miles ujjriver (fig. 1).

For peak efficiency, towers should be located

where the moving bands of fisli are constricted in

width and jiass without deviating from near the

base of the structures. Since the river near Igiugig

is split by an island, three towei-s are required

(fig. 2). Towers Xo. 1 and No. 2 provide for

sampling of the two primary paths in tlie main

channel, which has a width of 380 feet and a

maximum dcptli of about U; feet. Tower No. 3
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covers a shallow secondary channel through which

the fish migrate when the water level is high. No
fish passed through this secondary channel in 1957

and 1959 because of low water levels. The heav-

iest runs generally pass at tower No. 1 where a

steep gradient and swift midstream currents tend

to hold the salmon inshore where they pass in a

narrow band. At tower No. 2, the gradient is

more moderate and currents are reduced. Conse-

quently, the fish spread over a broader area, par-

ticularly after the tower has been erected.

Tower No. 1 was constructed from spruce tim-

bers on the right (west) bank of the river. Tower
No. 2 was afloat, constructed of aluminum scaf-

folding and assembled on two skiffs which were

lashed together and anchored off the right side of

an island and on the left (east) side of the river

(fig. 3) . Tower No. 3 was also of aluminum scaf-

folding, and was located on the left (east) bank

where the entire secondary channel could be ob-

served.

BARS OR SHALLOWS

MIGRATION PATHS

COUNTING TOWERS

EFT (EAST) BANK

FioiKE 2.—Tower sites and paths of migrating flsh on the
Kvichak River, near Igiugig.

During sunny, calm days when the water is

clear, salmon can be seen at any point in the river

between towers No. 1 and No. 2. Only occasion-

ally have they been seen near the middle and then

never in a migrating band. Hence, we are con-

fident that the salmon seen near the towers repre-
sent closely the entire migration passing at a given
time.

Background Panels

Since fish blend with bottom contours making
accurate counting difficult, panels were installed

on the river bottom at the towers to silhouette the

salmon passing. The blending is particularly

camouflaging under conditions of semiturbid

waters, overcast skies, and distorted river sur-

faces. The panels were painted a light gray to

make the salmon visible under all but the most ad-

verse conditions. As a rule, the fish will pass

readily over any panel of dark or dull tones in

preference to panels of bright tones. Such panels

are particularly important for counting fish at

night when artificial lights must be used.

In addition to revealing fish, panels must not

startle the migrants, must be easy to install, and

must resist deterioration in the current. Panels

of 16-gage woven-wire screen of 14-inch mesh have

proved satisfactory. These panels are 3 feet wide,

10 feet long, and reinforced along the edges by
1-inch iron pipe (fig. 4). When placed in posi-

tion, the panels extend out and downstream across

the migration paths. Stakes of 14-inch iron pipe,

18 inches long, are driven through metal loops to

hold the panels in position.

Turbulence Reducers

Surface distortions resulting from rain, wind,

waves, and bottom contours detract from accuracy

of counting by reducing visibility. Turbulence

reducers, an arrangement of boards and logs uti-

lized to eliminate surging currents and wave ac-

tion (fig. 5), are used to smooth the surface of

the water over the panels so that the migrants

can be readily seen. The wooden float is on the

surface of the river immediately upstream from

the panels and should not startle the fish by bob-

bing in the current or with vibrating anchor lines.

Normally 4 feet of water is necessary before fish

pass underneath undisturbed.
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FiGURK 3.—Tower No. 2. the flouting tower from whi<-h miiKriitinK red salmou were counted on the Kvichak River.

apart to straighten subsurface currents. The lat-

ter type was oritrinally developed and tested by

the Fish and Wildlife Service on the Xakuek River

in 1957.

Experiments to improve visibility have also

l)een conducted with a transparent plastic sheet

wliicli trailed on the surface of the water. The

sheet smoothed the surface and did not disturb

the migrants under moderate weather conditions,

but rain, winds, and waves destroyed its effective-

ness.

Counting Aids

Accuracy of counts was furtlier increased by the

use of (1) Polaroid glasses to reduce sun glare

and surface reflection, (2) hand tallies to record

Figure 4.—Background panel used on river iM.in.m i"

silhouette passing fish. Pin and driving rod in fore-

ground. (Photograph by E. F. Marten.)

Three types of turbulence reducers have I)een

u.sed. The simplest was a log placed diagonally

across the current. The second was a large V-

frame, constructed from two or more timbers and

placed with the apex upstream. The third and

most efficient %yas a modification of the second, in

wliich tlie effectiveness was increased by adding
vertical pickets about 18 inches long and 3 inches

595880 O—61 2

FiGiRE .">.
—A large turbulence reducer without vertical

pickets smoothing an area 40 feet wide.
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the migrants quickly and efficiently, (3) audible

timers to limit the counting periods precisely and

eliminate the need of watching a clock, (4) guid-

ing devices to lead the migrants over the panels,

and (5) spotlights to assist in night counts.

ESTIMATION OF THE RUNS
The sampling procedure was designed to ob-

tain a reasonably accurate estimate of the total

escapement while staying within the limits of both

manpower and budget. Most of the information

on which the initial sampling plan was formulated

was known from previous observations of red sal-

mon moving upriver and through weirs. Usually
the major peak of the migration occurred in a day
or two, although it was often preceded or fol-

lowed by minor peaks. There were usually
marked variations in numbers of fish from day
to day and throughout a given day. In some lo-

cations near the fishery there were also marked

changes in the numbers with the opening and

closing of the fishing periods or with changing
tides. It has since been noted at Igiugig on the

Kvichak Eiver that the heaviest runs usually ap-

pear along one bank at a time, with comparatively
small numbers of fish passing along the opposite
shore. The major path of the run changes er-

ratically during the season and from year to

year, but once a heavy run develops along one

bank, it is usually maintained for several days.
A typical migration up the Kvichak River was

counted continuously on July 16, 1955, in front

of tower No. 1 (fig. 6). The fluctuations during
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(J I400'

I 1200
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^ 1000
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ft: 600
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tish/lOi

0000 0200 0400 0600 1000 i:oo 1400 leoo isoo 2000 2200
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Figure 6.—Numerical fluctuations in migrating red sal-

mon, from lO-minute continuou.s counts taken on July
IG, 19.")5, at tower No. 1.

daylight ranged from about two-thirds of the

mean of 507 fish each 10 minutes to about one

and one-half times the mean. With such varia-

tions, it is desirable to sample every day and

within each day to use a large number of short

counting periods equally spaced in a .systematic

fashion.

Since the magnitude of the escapement fluctu-

ates greatly, even in successive 10-minute counts,

the estimates calculated from the samples are

basically point estimates. A single count depicts

accurately only the number of fish that happens
to be passing at the time. Frequent counts depict

accurately only the number of fish passing when

the counts were taken, yet they are closely related

to the total numbers in the fluctuating population.

As a result, the daily estimates obtained from the

counts approximate the numbers of migrating sal-

mon, with the accuracy depending on the magni-
tude and frequency of the fluctuations and the

frequency and duration of the sample counts.

Method of Sampling

The basic sample unit used in 1957, 1958, and

1959 consisted of 10-minute counts taken system-

atically each hour from each tower. The initial

sample counts in 1955 were of 2 hours' duration and

taken every 4 hours. In 1956, counts were even-

tually reduced to 40 minutes and were taken every
3 hours. But the 10-minute counts were found

most practical to obtain and to use in calculating

the estimate. Any sampling procedure will be

improved if it is flexible enough to permit in-

creases or decreases in the degree of coverage with

the intensity of the migration. Consequently, at

the beginning and end of the migration the counts

were taken every 2, 3, or 4 hours. Also, at the

peak of the migration or if a heavy run com-

menced along one bank, counts were increased

to 15 or 20 minutes. This flexibility placed em-

phasis on increasing the accuracy of the total esti-

mates by concentrating the counts on the periods

with the heaviest escapements.

Counts were taken by natural light as early in

the morning and as late at night as possible. The

hours of darkness normally extend from 2300 to

0200, but often vary from day to day depending
on the extent of sky overcast and the season. Ac-

curate night counts depend on seeing the fish by
means of artificial light from spotlamps. The

intensity of these lamps was controlled by a rheo-
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Stat
; however, wlien the lights were sufficiently

dimmed so that the salmon passed without hesita-

tion, the counts were not so accurate as desired.

Consequently, night counts were taken from only

one tower in 195" and not at ail in 1958. In 1959,

night counts were successfully obtained through-

out the season by using a single, bright spotlight
•

focused outside of tlie panels from the top of the

towers. The fish passed in the dim area inshore

from the spotlight and could be seen satisfactorily

when crossing the background panels. Amber
and red lenses were used experimentally in 1957

to determine whether the salmon would tolerate

high illumination intensities wiien tlie lights were

colored. The colored lights caused sti-onger avoid-

ance reactions than dimmed white lights, and also

were less penetrating in waters that were moder-

ately turbid.

The tallying procedure varied with the intensity

of the migration. Fish can be tallied separately

when the number passing is fewer than 250 per

minute. After the run exceeds this quantity, fish

must I)e tallied by estimating groups of 10. Heavy
runs requiring such grouped counts occurred only

near the peaks of the larger escapements, such as

the ones that occurred in 1956 and 1957.

Method of Calculation

The calculating procedure for estimating num-

bers of red salmon utilized the sample count as

an estimator of the number of fish passing in a

given unit of time. Therefore, with 10-minute

counts taken hourly, the estimate of numbers of

fish passing a tower is the product of multiplying

the count by six. Daily estimates are the sum of

calculated hourly estimates for all towers, and the

seasonal estimate is the sum of all daily estimates.

Whenever systematic counts ceased at night or

wjien the waters were turbid with sediment, the

number of fish passing has been determined by

averaging tlie counts preceding and following the

periods with no counts. The estimate has been

calculated by multiplying this average by the ap-

propriate time factor.

Results

Estimates for Kvichak Kiver escapements have

varied widely from year to year, as would be ex-

pected from the cyclic nature of the runs and the

changing intensities of the commercial fishery.

Tahle 1.—Kvichak daily fstimates of red salmon escape-
ments, ]955 through 1959

Date
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1000-
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Table 3.—Comparison of counts during the same period by different observers
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in the water which then flows downriver and re-

duces visibility at the tower sites. Occasionally

the point is reached where counts are not possible.

This is discussed as high turbidity, under the sec-

tion on "Accuracy of the Estimates.'"

"WHien the water is moderately turbid, the vari-

ation between comparative counts might be ex-

pected to increase. Yet the data presented in

table 4 show that the variation between compara-

tive counts taken in moderately turbid water was

less (-1-1.7 percent) than those obtained in clear

water (-3.0 percent). This suggests that mod-

erately turbid water did not increase the counting

variation between two counters. It does not indi-

cate that both counts were as accurate in turbid

water as in clear water, especially on the fringe

areas of the migration paths.

Effect of Disrupted Migration Pattern

Migration past a tower is momentarily dis-

rupted as the fish scatter into deep water when

the skiff bearing the counter arrives. While the

fish soon re-form their ranks and resume an ap-

parently normal migration pattern, it is possible

that commencing the counts as soon as the counter

is ready would inject directional errors.

A test of the timing of the coimts to the time

of the counter s arrival was made in 1957 by com-

paring the first and second 5-minute counts of

841 samples (table 5). In most instances these

counts were started as soon as the counter had

tied the skiff, climbed the tower, and readied his

equipment, a period of 1 or 2 minutes. Since the

first count was higher than the second almost one-

half the time, i.e., neither consistently higher nor

lower, the counts were probably not biased. The

time required in preparation to commence the

counts, therefore, is evidently sufficient for the

migration to assume a normal pattern.

Table 4.—Effect of turbid water on count variation
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Table 5.—Relation of 1st 5-minute counts to 2d 3-minute counts, Kvichak River, 1957

365

Category
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a large extent, of the schooling habits of the fish.

These schools are particularly noticeable when

the migration intensity is low, but even during a

heavy run wide fluctuations in numbers continue

to occur.

Table 6.—Determination of possible error from omitting

all night counts from tower No. 1, 1951 and 1959



RED SALMON COUNTS FROM OBSERVATION TOWERS 367

Table 7.—Stratiflcation of the Kvichak escapement in

1959
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Table 8.—Preliminary calculations for the determination of confidence limits for the 1959 Kvichak escapement

strata (i)
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ABSTRACT

In the area bounded by 10° N., 30° N., 150° W., and 180°, the distribution of surface

variables is investigated in terms of associated physical processes. (1) Using all

available data, seasonal changes in the distribution of the mixed surface layer, surface

temperature, surface salinity, and the dynamic topography are described. (2) With
the aid of a simplified heat (salt) budget, the physical processes (net heat exchange
across the sea surface, evaporation minus precipitation, advection) and their relation

to the distribution of surface variables are analyzed. (3) The results are interpreted

in terms of a climatic circulation model in the vicinity of Hawaii.

The distribution of surface variables reveals three types of climatic boundaries:

(1) a depth-of-mixed-layer boundary separating areas in which the time of maximum
and minimum depths differs; (2) temperature boundary separating an area where the

seasonal range of temperature is relatively constant from one in which it increases

northward; (3) salinity boundary separating different types of water.

Investigation of processes reveals three cold advection periods, June-July, October-

November, December-January; the first is dominant in the northwest portion of the

area and the second in the southeast portion. In the course of analysis, characteristic

advection diagrams, intrinsic temperatures, heat advection charts, and characteristic

heating curves are defined.

In terms of the North Pacific circulation, the salinity boundary is interpreted as

separating North Pacific Central water from the transition water of the California

Current Extension. The June-July and October-November advection periods reflect

dilations and contractions of the North Pacific Central and North Pacific Equatorial
circulation systems believed to be associated with the seasonal variation of trade

wind intensity. The differing times of maximum and minimum depths of the inixed

layer and dominant advection periods reflect the differing climates of the North

Pacific Central and North Pacific Equatorial systems.



ATLAS OF THE OCEANOGRAPHIC CLIMATE OF THE HAWAHAN
ISLANDS REGION

By GuNTER R. Seckel, Oceanographer. Bureau of Commercial Fisheries

A studj' of the oceanographic climate of the

Hawaiian Islands region is a part of the Hawaii

skipjack investigations conducted by tiie staff of

the Biological Laboratory/ Biu'eau of Commercial
Fisheries (Honolulu). This seasonal fishery has

been described by Yaniashita (1958). The catch

rate generally begins to rise rapidly in April from

200,000 pounds or less a month during the winter

to 2 million pounds or more in August. There-

after it drops off rapidly in September and October,

again reaching the minimum catch rate per month

during the latter part of the year. The fishery

also shows relatively large annual fluctuations

ranging from a low of about 6 million pounds, as

in 1957, to about 14 million pounds, as m 1954.

Because both the seasonal nature of the fishery
and its animal fluctuations were believed to be

associated with changes m the phj'sical environ-

ment, oceanographic studies were included as part
of the skipjack investigations.

Oceanographic information for the waters bath-

ing the Hawaiian Islands was summarized by
Schott (1935) and Sverdrup et al. (1942), and

bathythermograph observations from 1941 to 1949

were analyzed by Leipper and Anderson (1950).

Since 1949, six oceanographic surveys were made
in the vicinity of the higli islands of the Hawaiian

archipelago (McGary, 1955; Seckel, 1955). The
information from these sources can be summarized
as follows: The Hawaiian Islands are located in

the trade wind zone of the Pacific Ocean, where
sensonal changes of surface variables are relatively
small. The seasonal temperature range, for ex-

ample, is approximately 4° to 5° F. (2° to 3° C).
The mean summer high is about 78° F. (25.6° C.)
and varies locally from 75° (23.9° C.) to 80° F.

(20.7° C). The mean winter low is about 74° F.

(23.3° C.) with local variations from 73° r22.8° C.)
to 76° F. (24.4° C).

' Formerly Pacific Oceanic Fisliery Investigations (POFI). Renamed
December 1, 1959.

Note.—Approved tor publication February 27, 1961. Fishery Bulletin
193.

The mean salinity is about 35 °/oo, ranging
from 34.4 to 35.3 °/oo. Defijiite seasonal sahnity

variations, because of insufficient data, were

believed to be obscured by large annual variations.

Available surface inorganic phosphate data show
that the concentration to be found in the vicinity
of the Hawaiian Islands approaches the limit of

precision in present experimental techniques

(0.3/ig-at./L.). This, together with the scarcity
of observations, made it impossible to detect

seasonal changes.

Zooplankton catches in the area have been dis-

cussed by King and Hida (1954, 1957) and Waldron,

Nakamura, and -Shippen (MS). Mean catches

indicate annual variations of 15 to 25 cc. per
thousand cubic meters of water strained in 200-

meter oblique hauls, with a suggestion of a similar

range in seasonal catch variations (King and Hida,

1957, figs. 7 and 8).

Current charts generally show a weak set toward

the west throughout the year. Geostrophic cur-

rents indicate a complex flow pattern in the vicin-

ity of the high islands, without providing any
information about seasonal changes. In short,

these environmental parameters are well within

the limits within which skipjack are known to

occur, so that their changes appear to be insuf-

ficient to explain the seasonal nature of the skip-

jack fishery and its annual variations.

All data, however, have not been exhausted.

There are many isolated observations from cruises

either originating or terminating in the Hawaiian

Islands. In addition, many thousands of bathy-

thermograph observations have been obtained by
the Bureau of Commercial Fisheries Biological

Laboratory (Honolulu), and otlier organizations
since the end of World War II. These data, if

treated by means of a different approach, could

yield information which is not now apparent.

One can postulate, for exaini)le, that the surface

variables such as temperature or salinity, are not

randomly distributed in space, but that they are

371
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associated with certain physical processes. Or,

if the space and time distribution of surface vari-

ables is known, then one should be able to obtain

some information about the physical processes.

To be more specific, one can formulate a heat

budget and say that the rate of change of heat

content in the surface water (approximately pro-

portional to the surface temperature) must depend
on the rate at which heat enters or leaves across

the sea surface, the diffusion (a change of concen-

tration due to mixing), and advection (a change
of concentration due to currents introducing

water with different properties). Similarly, one

should be able to formulate salt budgets in which

evaporation and precipitation at the surface must

be considered and, possibly, momentunt budgets in

which the surface wind stress must be considered.

Such an approach has been described in the

chapter on the Theory of Distribution of Vari-

ables in the Sea, bj' Sverdrup et al. (1942). In

practice, of course, the formulae presented there

must be simplified before application. However,
the equations state that whenever physical proc-
esses are to be related to the distribution of vari-

ables, such as temperature, salinity, momentum,
oxygen, and phosphate, the following data must
be available about the variable in question:

(1) the local-time rate of change and (2) the three-

dimensional space distribution. This require-

ment, as it concerns the heat budget of the surface

water in the Hawaiian Islands region, can be

satisfied by using all the available data mentioned.

In weather analysis, the seasonal changes in

temperature at any location are explained in

terms of solar energy received and in terms of

the motions of high- and low-pressure systems.
In central North America, for example, the cold,

dry, winter weather is associated with the south-

ward motion of the polar high pressure system.
In summer, as this system's boundaries move
northward, the cold, dry air is replaced by the

maritime-tropical air moving inland through the

Gulf of Mexico producing warm and highly
humid weather. This type of weather analysis
is called climatology and, therefore, by analogy,
the investigation to be described here can be
called "climatic oceanography."

In order to study the oceanographic climate of

the Hawaiian Islands, the results of previous

surveys (McGary, 1955; Seckel, 1955) made it

evident that an area larger than the immediate

vicinity of the main Hawaiian Islands must be

chosen. Natural boundaries for this area, to be

referred to as the Hawaiian region, are the vicin-

ity of the northern edge of the equatorial counter-

current, or 10° N., and the vicinity of the salinity

maximum, or 30° N. In the west, the 180th

meridian was chosen, and in the east, lack of

data limited the area to 150° W.
For this region, then, the climatic study will

be divided into two parts. First, the distribu-

tion of surface parameters, such as the depth of

mixed layer, temperature, salinity, and geopo-
tential topography, will be described essentially

without interpretation. Second, the processes

with which these parameters are associated will be

investigated. Because adequate salinity and cur-

rent data are lacking, the present paper will pri-

marily be concerned with the processes of heat

exchange across the sea surface and heat advec-

tion as they are related to the distribution and

rate of change of temperature throughout the

region.

In the course of the analysis, "characteristic

advection diagrams," "characteristic heating

curves," and "intrinsic temperatures" will be

defined. It will tlien be shown how these can be

used to interpret continuous surface temperature

data, such as are obtained at the Koko Head

monitoring station on Oahu.

The final portion of the analysis will consist of

an integrated account of the. oceanographic
climate of the Hawaiian Islands region. Here

features of interest described in part I will, as far

as is possible, be explained by the processes de-

scribed in part II. Readers who are primarily

interested in the results of the study can proceed

directly to part III, and turn to parts I and II for

details of the analysis.

The sources of data will be indicated in the

Appendix, with an account of the manner in

which they were treated.

Finally, the aims of the study have been

achieved. Despite the fact that the data used do

not readily lend themselves to an analysis of

processes because they were collected for other

purposes, over a period of years, at unrelated

times and places, and in an area where their

seasonal and annual variations are of the same

order of magnitude, a gross picture of the oceano-

graphic climate in the vicinity of Hawaii has been

developed.
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Although reasons for the occurrence of skipjack

in Hawaiian waters are not known, the seasonal

and annual variations in tlieir abundance, as

reflected by catch statistics, are associated with

climatic features such as the seasonal movement

of different types of water through the island

area. These climatic changes can be monitored

with the aid of surface temperatures and salinities

as obtained at Koko Head, Oahu.
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PART I. DISTRIBUTION OF SURFACE VARIABLES

1. DEPTH OF THE MIXED SURFACE LAYER

A. Definition and Practical Means of Determination

In this paper an attempt will be made to relate

the space and time distribution of a surface vari-

able, such as temperature, to physical processes

such as heat exchange and advection. Although
these processes will be discussed in part II, one

of the parameters entering into budget considera-

tions is the depth to which the processes at the

sea surface are effective. For example, the change

of temperature due to a certain amount of net

lieat exchange across the sea surface depends on

the volume of water through which this heat

has been distributed. Thus, the depth of this

effective layer must be defined and its distribution

must be determined.

Since the processes at the sea surface involve

energy changes, it is appropriate to consider the

stability generally encountered in the upper 300

meters of the Hawaii region. The stabihty
1 J*

E=-
-J-

has been discussed by Sverdrup et

al. (1942) and is a function of the vertical

density gradient. It is also proportional to the

force required to displace a parcel of water verti-

cally by a unit length.

Figure 1 illustrates the vertical winter and

summer density (<r,) distribution at 10° N., 20°

N., and 30° N., appro.ximately along a meridian

IMMA-t
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through the Hawaiian Islands. Three density

layers can be readily distinguished. The first is

the mixed surface layer with neutral stability

( -T^=oV Tlie second, the pycnocline, is a layer

within which there is a rapid increase in density
with depth. The third, in which the density

increases very slowly with depth, is below the

pycnocline.

Approximate stabilities, £'= 10"' --r~ (Sverdrup

et al. 1942: 417), in the three layers are as follows:

in the mixed surface layer £"= 0: in the pycno-

cline W-^-p ranges from 3400 m.-' to 5000 m."',

1400 m.-' to 2300 m."', and 350 m.-' to 2500 m.-'

at 10° N., 20° N., and 30° N., respectively. These

compare with stabilities of 120 m.~' at 10° N. to

170 m.~' at 30° N. in the deeper layer below the

pycnocline. Thus, stability changes from layer to

layer are large. In addition, whereas the change
from the second to the third layer is gradual, the

change from neutral stability in the mixed surface

layer to high stability in the pycnocline is abrupt.
The bottom of the mixed surface layer can there-

fore be regarded as a surface of dynamic signifi-

cance. Above this surface, parcels of water can

move up and down with a minimum expenditure
of work. In the pycnocline, a comparatively

large amount of work must be done to displace
water vertically. For this reason, the depth of the

effective layer through which energy changes due
to processes at the sea surface are distributed is

assumed to be the mixed surface layer.

In order to measure the depth of the mixed sur-

face layer and determine its distribution, it is

useful to remember that the density of the surface

sea water is a function of both the temperature
and the salinity. These were also drawn in figure
1 to such a scale as to demonstrate their relative

effect on the density. It is apparent that the

vertical density structure is primarily a function

of the temperature and that the salinity in the

latitudes under consideration is of less importance.
It is also apparent that the top of the pycnocline

corresponds approximately with the top of the

thermocline and that the surface layer in which
E=0 corresponds approxunately with the layer
in which the vertical temperature gradient is also

zero (^=oV The depth of the mixed surface

layer can therefore be determuied from tempera-

ture-depth curves in the Hawaiian region.

In practice it is not always as simple to deter-

mine the depth of the mixed layer from the vertical

temperature distribution as indicated in the ex-

amples of figure 1. It will therefore be useful to

briefly review features of the vertical temperature
distribution which are discussed in detail in the

Apphcation of Oceanography to Subsurface War-
fare (National Defense Research Committee,
1946). Tlie most important of these is the ther-

mocline, in which the maximum temperature

change occurs. It is between the surface layer of

constant temperature and a deeper layer in which
the vertical rate of change of temperature is small.

In the Hawaiian region, this thermocline, which

we call the main or permanent thermocline, is

always present. Below the mixed layer, the aver-

,. d(9 . . ,

age temperature gradient, ^) is approximately

15° C, 6° C, and 5° C. per 100 m. at 10° N., at 20°

N., and 30° N., respectively. Superimposed on the

permanent thermocline may be a seasonal thermo-

cline. This is illustrated by the vertical tempera-
ture distribution at about 30° N. in winter and
summer (fig. iC). In addition to the permanent
and seasonal thermocline, there may be a diurnal

thermocline, defined as a small rise in surface

temperature of the order of 1° C, which may ex-

tend to a depth of 10 m. Finally, the stable layer

may extend to the sea surface; i.e., the constant

temperature surface layer may be absent.

The last two rarely occur in the area under

investigation and the practical problem remains

one of determining the depth of the mixed surface

layer with consistency from .temperature-depth
curves. In low latitudes the depth of this layer
is generally well defined by what Munk and Ander-

son (1948) called the "knee." However, more

than one knee may occur, as at 10° N. in August,
illustrated in figure lA. In examining tempera-

ture-, salinity-depth curves in the Hawaiian region,

one finds that the first knee, after excluding the

diurnal thermocline, also defines the layer of con-

stant salinity, whereas deeper knees are in more

saline water.

Difficulty also arises when the depth of the

knee is not well defined and may actuall.y lie

within a layer of changmg salinity with depth,

the halocline. In other words, the temperature
decreases gradually below a layer of constant
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temperature or below tlie sea surface. It is use-

ful, then, to define a verticiil tenipcratiu-e gradient

which separates the mixed surface lajer from

the thermodine. A gradient of 3.6° C. per 100

in'. (1° F. per 50 ft.), which apparently is of sig-

nificance in connection with underwater sound

properties,^ has been used by the Scripps In-

stitution of Oceanography. By examining tem-

perature- and salinity-depth curves it was found

that this gradient was too large and that the

apparent depth of the surface layer in many
cases was well within the haloclme. Lumby
(1956) took as the criterion for the homogeneous

layer the depth of the isothermal layer as judged

by the absence of temperature gradients in ex-

cess of 1° C. per 100 m. Upon examination, it

was found that the apparent depth of the mixed

layer, using Lumby 's criterion, was in good agree-

ment with the depth of mixed layer as determined

from temperature and salinity depth curves.

To summarize, it was shown that the change
from neutral stability in the mixed surface layer

to high stability in the pycnocline was abrupt
and that the surface separating the two layers

was one of dATiamic significance. For this rea-

son, the eflective depth through which energy

changes due to processes at the sea sm-face were

distributed was assumed to be the mixed surface

layer.

Further examination of figure 1 showed that

the vertical density distribution is primarily a

function of the vertical temperature distribution.

The depth of the mixed layer could therefore be

determmed from temperature deptli cm'ves by

using the first knee below the surface (excluding

the diurnal thermodine) and Lumby's criterion

that the isothermal layer be judged by the ab-

sence of temperature gradients in excess of 1° C.

per 100 m.

B. DISTRIBUTION IN THE HAWAIIAN ISLANDS
REGION

The definition of the mixed surface layer and

an understandmg of the vertical density and

temperature relationships enable us to use bathy-

thermograph observations in the Hawaiian region

to determine the areal distribution of the depth
of mixed layer. Thus, the pertuient data were

taken from several thousand bathythermograms
and assembled into monthly charts showmg the

' Porsonal communication, Mrs. Margaret Robinson, Scripps Institution

of Oceanography.
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distribution of the depth of the mixed layer

(appendix B, chart I). The origmal data, their

treatment, and manner of construction of the

charts is described in appendix A.

Here, it should be mentioned that those charts

have been based on data which were collected

for diverse purposes at um-elated times. Informa-

tion to be gained from them, therefore, is limited

and attention will be focused on gross features

in the distribution of the depth of mixed layer

rather than details of individual contours. Even

though many undulations in contours are believed

to be due to shortcomings in the data, they have

not been smoothed unless warranted by some

evidence. One can say, however, although un-

dulations in depth of the mixed layer contours

may not reflect an actual situation, they do point

to the fact that the ocean is not smooth and

changes do not occur at regular time intervals.

In that respect, then, they reflect reality.

A prominent feature in the January and Feb-

ruary charts (chart I) is a trough in which the

depth of the niLxed la.yer is greater than in sur-

rounding areas extending east to west between

15° and 20° N. Its depth is generally greater

than 250 feet (76 m.), exceeding 400 feet (122 m.)

west of 165° W. Another trough, centered about

165° W., extends from 30° X. southward and then

eastward between the high islands and 25° N.,

where its depth is greater than 350 feet (107 m.).

To the north of this feature is a shallow area,

with a mixed layer depth of less than 200 feet

(61 m.). The two troughs are separated by a

ridge of less than 250 feet (76 m.) and a mininmm

depth of less than 150 feet (46 m.) in the north-

west portion of the area.

South of the main east-west trough, between

10° and 15° N. and east of 175° W. (January),

the depth of mixed layer is as shallow as 150

feet (46 m.) or less. In February, the shallow

area is reduced in size by the deepening of the

mixed layer west of 167° W. and along the south-

ern boundary of the region. Also of interest

here is the formation of a shallow "dome" at

15° N. and 163° W.
Charts for the months of March, April, and

May, indicate a period of change. In March,

although the Januarv-February features are still

evident, a change in the depth distribution of the

mixed layer is beginning to take place. The small

dome of February, at 15° N. and 163° W., has
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spread sufficiently to interrupt the main east-west

trough between 158° and 163° W. In general,

the depth of the mixed layer is decreasing through-

out most of the survey area, except along the

southern boundary, east of 162° W., where it is

increasing. Durmg April and May, the depth of

the mixed layer continues to decrease throughout
the survey area, except in the southern portion

where it is increasing.

In June, a new distribution pattern of the depth
of the mixed layer has been established. A trough
is now located between 10° N. and 13° N., west

of 156° W., where the depth reaches approxunately
300 feet (91 m.). East of 156° W. the trough,

now 200 to 250 feet (61-76 m.) deep, turns north-

eastward. Over much of the area north of 20° N.,

the mixed layer is less than 100 feet (30 m.) deep.

The distribution of the depth of mixed layer

during July and August does not differ materially

from that durmg June. It shows little of interest

north of 20° N., where the depth has increased

but is still less than 150 feet (46 m.). The trough
in the southern portion of the survey region re-

mained between 10° and 15° N., except that it

now curves northeastward between 160° and 165°

W. with depths in excess of 300 feet (91 m.).

In the southeast portion of the region the depth
has been steadily decreasing from about 200 feet

(61 m.) in June to less than 100 feet (30 m.) in

August.
The September depth of mixed layer chart

shows that the trough has started, as it were, a

northward movement and is now centered about

15° N., west of 160° W. with depths between 250

(76 m.) and 300 feet (91 m.).

In October, the trough has essentially resumed
its winter (January and February) position. The

depth north of 20° N. is increasing and the begin-

nings of the typical January and February struc-

ture are visible. This trend continues during
November and December, and throughout this

period the depth of mbced layer is shallow in the

southern portion of the region.

The primary feature, then, of the distribution

of the depth of the mixed layer in the Hawaiian

region is a trough and seasonal differences in its

location. Maximum development of this feature

occurs in January, when the depth of the trougli

may exceed 400 feet (122 m.) and extends from
east to west between 15° and 20° N. The June
distribution typifies the other extreme, when it

is found in its southernmost position. At this

time the depth is also at a minimum in the north-

ern portion of the region. It is interesting to note

that the converse to the gradual northward motion

of the mixed layer trough is not true during the

March-April-May transition period. During that

tune the irregular depth distribution suggests

disintegration of a pattern rather than a south-

ward movement.
These features can also be illustrated by showing

meridional profiles of the depth of mixed layer.

The January and June profiles representing the

mean depth of the mixed layer between 153° and
161° W. are given in figure 2A and those for 168°

to 176° W. in figure 2B. The January profiles

are similar. They show ridges in the vicinity of

12°, 20°, and 26° N. and troughs at 17°-18° N. and

23° N. The western profile is generally deeper
than the eastern profile, except for the trough at

23° N. Both figures convey the impression of

standing waves in the southern portion of the

region, with nodes between 14° to 15° N. in the

eastern portion and 12° to 13° N. in the western

portion.

Although January and June exhibit extremes

in the winter and summer distribution patterns,

the depth of mixed layer during those months is

not necessarily at the extreme in all portions of

the survey region. To illustrate this, the maxi-

20- 25'

NORTH LATITUDE

Figure 2.— Meridional profile of the depth of mixed layer

in January and June, 10° to 30° N. Panel A, 153°-

161° W.; panel B, 168°-176° W.
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Figure 3.—Minimum and maximum mean depth of mixed

layer 10° to 30° N. Panel A, 153°-161° W.; panel B,

168°-176° W.

mum and minimum depth of mixed layer has been

indicated in figures 3A and B, together with the

month of occurrence. These figures also indicate

the annual depth range both in the eastern and

western portion of the survey region between 10°

and 30° N.

In figure 3A, for the eastern section, one notes

that south of 14° N. the extremes in depth of the

mixed layer occur in spring and autumn, whereas

north of 15° N. they occur at the beginning of

winter and summer. This suggests that the area

south of about 14° N. belongs to a region with a

diflFerent oceanographic climate, where extremes

in the depth of the mixed layer follow those to the

north of 14° N. by approximately three months.

Figure 3A also shows that the maximum difi"er-

ence in the average depth of the mixed laj'er be-

tween summer and winter is 220 feet (67 m.) and

occurs at 23° N. The minimum difference occurs,

as might be expected, at the nodal point, 15° N.,

where it is about 60 feet (18 m.). At 10° N. the

seasonal range is again 200 feet (61 m.).

In the western section, figure 3B, the boundary
between the two cUmatic regions lies at approxi-

mately 13° N. during the minimum depth of the

mixed layer period. South of this latitude the

minimum occurs in October (one month later than

in the eastern section) and north of this latitude

in June. During the maximum depth of the

mixed layer period, the boundary is less distinct.

At 10° N. the ma.ximum occurs during February-

March, between 11° and 15° N. in February, and

north of 15° N. it occurs in January. This sug-

gests that the boundary which separates the two

climatic regions at 13° N. during the minimum

depth of the mixed layer period, has shifted south-

ward during the maximum depth of the mixed

layer period. That is, in winter the western por-

tion of the region between 10° and 30° N. Ues

within the same oceanographic climate.

Figure 3B also shows that the maximum differ-

ence in the average depth of the mixed layer be-

tween summer and winter is about 260 feet (79

m.) at 23° N., as in the eastern section. The
minimum difference is about 90 feet (27 m.) at

10° N. Although a node is indicated between 12°

and 13° N. in figure 2B, the minimum difference in

the summer and winter depth of mixed layer did

not occur at this latitude because of the apparent
seasonal motion of the chmatic boundary.
The mean seasonal variation in the depth of the

mixed layer at 12°, 18°, 20°, and 22° N. in the

meridinal storip between 153° and 161° W., is

illustrated in figure 4. Comparison of the data

for 12° N. with those to the north indicates the

phase difference in extremes. It also shows that

in the vicinity of the high islands of the Hawaiian

archipelago the seasonal range in the depth of the

mixed layer is less than that to either the north or

south. Finally, figure 4 shows the seasonal vari-

ation in the depth of the mixed layer for the vi-

cinity of 27° N. and 175° W. Here the depth
decreases at a time (Dec. and Jan.) when it ap-

proaches the maximum throughout the northern

portion of the region.

2. SURFACE TEMPERATURE

In oceanography as well as in weather analysis,

temperature has long been recognized as an im-

portant climatic character. Surface temperature
charts of the oceans, such as the U.S. Navy Hy-
drographic Office, Monthlj' Surface Temperature
Charts of the North Pacific Ocean, (Misc. No.

10577), are readily available. A standard refer-

ence in oceanography is the temperature charts

of Schott (1935). A new set of monthlj' tempera-
ture charts (appendix B, chart II) have been pre-
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Figure 4.—Seasonal variation of the depth of the mixed

layer at 12°, 18°, 20°, and 22° N., 153°-16r W., and at

27° N., 175° W.

pared for the Hawaii region, using the same

bathythermograms mentioned in the previous

section. Treatment of these data, and the manner
of construction of the charts is discussed in ap-

pendix A.

The introductory comments of the previous
section deahng with the distribution of the depth
of the mixed surface layer also apply here. At-

tention will therefore again be focused on gross
features in the distribution of the surface temper-
ature rather than the details of individual con-

tours. For example, if the irregular isotherm

pattern to the southeast of the island chain in

winter (chart II) were to be smoothed, the average

temperature and its distribution would correspond
well with the charts of Schott (1935) and those of

the U.S. Hydrographic Office. It is beUeved,

however, that these irregularities, persisting for

several months, reflect large-scale mixing proc-

esses or eddies which may be real in nature.

Scanning the temperature charts one notes a

parallel isotherm structure north of the island

chain between November and April, with a lati-

tudinal temperature gradient in the order of 1° to

1 .5° F. (0.6° to 0.8° C.) per degree of latitude. In

May, the beginnings of a change in the tempera-

ture structure become apparent, followed bj' the

breakdown of the parallel isotherm pattern in

June. The irregular temperature structure per-

sists in the northern section of the region through-

out July, August, and September, until, in October,

isotherms become parallel again.

To the south of the island chain, the tempera-

ture structure is irregular during the winter and

spring months. The temperature pattern from

December through March, between 160° and 165°

W., is suggestive of large-scale mixing processes

or eddies.

The July, August, and September distributions

show tongue-shaped areas of low temperature

protruding westward in the southern portion of

the region. Then, during October and November,
it appears as if these tongues, between 155° and

165° W., were given a counterclockwise, 90° rota-

tion, followed by disintegration into the irregular

winter pattern.

The charts also show that minimum and maxi-

mum temperatures generally occur in March and

September. In some areas, the minimum may
occur in February and the max-imum in either

August or October. For these exceptions, how-

ever, the temperatures differ little from those in

March and September. The March and Septem-
ber mean temperature profiles in figures 5A and B
for the meridional strips between 153° to 161° W.

and 168° to 176° W. therefore represent those for

minimum and maximum temperature conditions.

During March, the temperature in the eastern

section of the survey region (fig. 5A) decreases

from about 78° F. (25.6° C.) at 10° N. to 75° F.

(23.9° C.) at 17° N., at a rate of a httle more

than 0.4° F. (0.2° C.) per degree of latitude.

After a slight increase of temperature just to the

south of the Hawaiian Islands (also see chart II,

March), the temperature decreases again

northward to about 67° F. (19.4° C.) at 29° N., at

an average rate of 1° F. (0.6° C.) per degree of

latitude.

In the western section (fig. 5B), the March
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NORTH LATITUDE

Figure 5.— Meridional profile of the surface temperature
in March and September, 10° to 30° N.: panel A,

153°-161° W.; panel B, 168°-17f.° W.

surface temperature decreases in three distinct

steps from 80° F. (26.7^ C.) at 10° N. to 67°F.

(19.4° C.) at 29° N.: First, between 10° and 16° N.

at an average rate of 0.2° F. (0.1° C.) per degree

of latitude; then between 16° and 23° N. at 0.5° F.

(0.3° C.) per degree of latitude; and, finally,

between 23° and 29° N. at 1.5° F. (0.8° C.) per

degree of latitude.

During September, the temperature in the

eastern section decreases from 80° F. (26.7° C)
at 10° N. to about 77° F. (25° C.) at 29° N.

Equivalent temperatures in the western section

are 82° F. (27.8° C.) and 78° F. (25.6° C).

Thus, there is an average decrease of 0.1° F.

(0.06° C.) per degree of latitude in the eastern

portion of the survey region and slightly more in

the western section.

Although the changes in slope of the meridional

temperature prohh's camiot be explained at this

time, they nre believed to be of climatic signif-

icance. Tlie temperature dips in September at

about 15° N. in the eastern profile and about

13° N. in the western profile appro.>dmately

correspond with the position of the depth of the

mixed layer trough.

Finally, figures 5A and B siiow tliat tlie annual

temperature range between 10° and 15° N. is

appro.ximately 2.5° F. (1.4° C.) both in the eastern

and western section of the region. This increases

to about 10.5° F. (5.8° C.) and 11.5° F. (6.4° C.)

at 29° N. in the eastern and western sections,

respectively, which is in good agreement with

the charts of Schott (1935).

The mean zonal temperature profiles for 10° to

15° N., 15° to 20° N., 20° to 25° N. and 25^ to

30° N, for March and September are shown in

figure 6. For these months the temperature is

approximately 3° F. (1.7° C.) higher in the

western than in the eastern part of the region,

except during September for the 15° to 20° N.

and the 20° to 25° N. profiles, where the increases

are 4° F. (2.2° C.) and 5° F. (2.8° C), respectively.

Figure 6 also shows that the westward increase

of temperature is not always gradual as it is

between 25° and 30° N. during September, and

between 20° and 25° N. during March. Between

15° and 20° N. it is stepwise both during March

and September. Here, proceeding westward to

about 157° W., the temperature decreases slightly

and, then, during March, rises rapidly and remains

fairly constant west of 160° \V. During Septem-

ber, the temperature tends to continue the west-

ward increase in a stepwise numner.

Between 10° and 15° N. the temperature again

shows an initial westward decrease and, then,

(hu'ing March, an increase west of 160° W.

During September, there is an increase west of

157° W., followed first by a leveling off and then

another westward rise.

Between 20° and 25° N. the September west-

ward temperature rise occurs mostly between 157°

and 166° W. Thus, this temperature slope and

those found in the eastern portion of tlu- two

profiles 10° to 15° N. and 15° to 20° N. nuiy be

of climatic significance, possibly delineating

boundaries between chmatic regions.

Finally, figure 7 has been included to show the

seasonal temperature variation between 153°
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FiouRE 8.—Southern limit of the 35 °/oo salinity isopleth

April to July and November to February, and mean
location of the 35 °/oo salinity isopleth April to August
and November to February.

13° N., 16° N., 21° N., 26° N., and the approximate

salinity variation in the vicinit}^ of Midway Island

(28° N., 177° W.). Both at 16° N. and at 26° N.

the minimum occurs dm-ing March and April,

whereas at 21° N., within the island area, it occurs

in Juh'. The maximum sahnity at 16° N. occurs

during November and at 26° N. during November
and December, whereas at 21° N. it occurs some-

time during December, January, or February.
The movement of the 35°/oo isopleth, therefore,

coincides with the minimum and maximum
salinity period at 21° N., but is out of phase with

those to the north and south of the islands.

At 13° N. the salinity reaches a maximum in

September and then in October begins to decrease

rapidly, reaching a minimum in November. In

the Midway Island region, beside the double

maximum and minimum, the rapid decrease in

salinity from a maximum between May and June
to a minimum in July should be noted .

Finally, figure 9 shows that the seasonal salinity

range is .50°/oo, .35°/oo, .25°/oo and .45°/oo at 13°,

16°, 21° and 26° N., respectively. At 21° N. it is

therefore approximately 50 percent of that either

at 13° N. or 26° N.

The salmity distribution between 155° and 160°

W. can be illustrated further by meridional pro-
files. The lack of observations made it necessary
to group the data for a number of months during
the minimum and maximum salinity period at 21°

N. Figure 10 shows the mean salinity profiles for

April through August and for November through

February.
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Figure 9.—Seasonal variation of the surface salinity at

13°, 16°, 21°, 26° N., between 155° to 160° W., and in

the vicinity of Midway Island.

The low salinity profile (fig. lOA), representative

of the June distribution, shows that the salinity

increases northward from 34.65%© at 10° N. to

34.75°/oo at 20° N., or only by an average of

.01°/oo per degree of latitude. The salinity then
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temperatures. In the vicinity of (he islands,

however, low and higli salinities occur ai)out three

months later and at a time of mininmm and

maximum depth of the mixed layer. One also

notes that the low salinities in the southeast

portion of the region occur in the fall, approxi-

mately where the depth of the mixed layer distri-

bution suggests a different oceanographic climate.

Finally, Midway Island is located in the

vicinity of the salinity maxunum, so that the

sharp decline of about 0.35 °/oo during July may
be due to either a soutliward or a northward

displacement of the high salinity cell. On the

basis of chart III and figure 8 however, keeping
in mind the scarcity of observations, the following

postulate is favored: during the spring, the high

salinity boundary moves northward east of 165°W.

and northwestward west of this meridian, reaching

Midway Island in July.

4. THE GEOPOTENTIAL TOPOGRAPHY

A fourth feature of importance in climatology

is the geopotential topography, which is analogous
to the pressure distribution in meteorology in that

it provides a measure of the geostrophic currents.

Again, data are inadecjuate to construct monthly
charts. There have been no oceanographic ex-

peditions to survey, as a primary objective, the

regidn under investigation here. Dynamic height

data have therefore been obtained chiefly from

the Bureau of Commercial Fisheries Biological

Laboratorj' (Honolulu) cruises in transit to other

regions and from isolated expeditions passing

through the area. Since potential gradients,

rather than absolute values of dynamic height,

are of importance in estimating geostrophic cur-

rents, cojubining isolated observations at different

times of the year and from different years may
result in charts materially different from the true

flow pattern. Nevertheless, on the basis of

availability and compatibilit^y, data for the months

of June through October and those for the months
of December through April were combined into

a summer and winter chart (appendix B, chart

IV) to enable the reader to estimate the gross
distribution of geopotentials.

Tlie summer ciiart indicates that the subtropical

convergence is approximately at 24° N., rather

than at 31° N. as indicated by Schott (1935).

It also shows that, as compared to the flow in the

southeast portion of the region and that just

south of the convergence between 158° and
170° W., there is a broad band of weak westerly
flow to the southwest of the islands. Comparing
the summer chart with the April to August
salinity chart (chart III), one notes that the

featm'eless geopotential distribution to the south-

west of the islands corresponds with an equally
featureless salinity distribution, both bounded by
higher gradients to the northwest and southeast.

It should be remembered that the combined data

of tlie salinity chart are 2 months out-of-phase
with those of the geopotential chart.

During the winter months, the subtropical

convergence, as indicated in chart IV, (December
to April) again lies to the south of the latitude

indicated by Schott. In general, the area north

of 20° N. appears to be one of very little net

flow. In the southern portion of the region there

is a large counterclockwise vortex centered at

approximately 14° N. between 160° and 170° W.
This feature was first apparent in data from Hugh
M. Smith cruise 2, February 1950 (Cromwell,

1951, fig. 3) and occupies approximately the same

area as the dome in the depth of the mixed layer

during February (chart I).

Thus, although the geopotential topography as

presented here should be regarded with caution,

compatibility of special features, both with the

salinity and the depth of mixed layer distributions,

lends credibility to these charts.

PART II. PHYSICAL PROCESSES AND THEIR RELATION TO THE DISTRIBUTION
OF SURFACE VARIABLES

In the first section of this atlas, patterns of

distribution and regular periodic changes in the

fields of temperature, salinity, deptli of mixed

surface layer, and geopotential were described.

These features are associated to a varying degree
of complexity with physical processes.

619237 O—62 3

The importance of one or another process is

usually not intuitively apparent. For example,
the temperature of the water obviously depends
on the heat exclumge across the sea surface and

the (leptli througli which this is distributed, the

manner in wliich heat is transported by currents,
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and other processes. It is not obvious, however,
which one or combination of these factors de-

termines the temperature of the water at any
time or place. In order to gain an understanding
of the physical processes, then, or to assess their

relative importance, the problem must be formal-

ized in accordance with principles discussed by
Sverdrup et al. (1942). Here some of these

principles will be applied to the distribution

of the surface temperature, a variable of impor-
tance in any climatic study.

I. HEAT (SALT) BUDGET

On the basis of conservation of heat one can

say that, at any locality in the ocean, the net

heat exchange across the sea surface must be

balanced by the change in heat content of the

water column, heat diffused through the sides

of the column, and the lieat carried in or out of

the column by means of currents. Such an

expression can become complicated. However,
since this is a climatic study, interest lies in the

gross seasonal changes and, therefore, some

simplifying assumptions can be made for the

Hawaiian region (10°-30° N., 150° W.-180^).

In this area the mixed surface layer is generally
well defined and since it has neutral stability one

can say that heat exchange across the sea surface

is unifonidy distributed throughout this layer.

Further, because of high stability in the ther-

mocline just below the mixed layer, and small

horizontal temperature gradients, vertical and
lateral diffusion are assumed negligibly small

compared to advection and heat exchange across

the sea surface.

With these assumptions, a smiple heat budget
can be formulated in which the rate of change of

heat content of a column of water of unit cross

sectional area is balanced by the net heat exchange
across the sea surface and the heat transported
in and out by currents. This can be expressed
in vector notation by

^)=/7-v(pc..3F) (1)

hj.^cpejZjVp tj-zOcpe^ZaYj

Here p is the density of the water and Cp its

specific heat; 6 is the temperature, z, the depth
of the column of water (depth of mixed surface

layer), and V, the horizontal velocity. H is the

net heat exchange across the sea surface and

V, the two-dimensional operator

Similarly, the volume budget of the column of

water is expressed by

dz

dt
= -V-izV) (2)

Equations (1) and (2) can be expanded as follows,

considering p and c^ constant:

z ^^+d~=— H-dzv-V-eV-vz-zV-ve (3)at ot pCp
'

()Z TT 77
(4)

After multiplying equation (4) by d it can be

subtracted from (3), leaving

z ^=— H—zV-ve
C>t pCp

(5)

and then dividing by z, the temperature budget
for a unit mass of surface water becomes:

—= v-ve
ot pCp z

(6)
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This equation is similar to equation V,5 in Svcr-

drup et al. (1942), except that the diffusion

terms have been replaced by the heat exchange as

a result of the simplih-ing assumptions.

Equation 6 can be divided into two portions:

the term representing the temperature observa-

tions, and the terms representing the physical

processes which determine the temperatures.

iid
the local time change of temperature,Tl

dt

represents the observed effect of those processes

which nppear on the right side of the equation.

The fii-st one of these is associated with the net

lieat exchange across the sea surface, H. This is

modified by the depth through which it is dis-

tributed, the density, and specific heat of the

water, to appear as it affects the temperature of

the water, in terms of temperature per unit mass

I H
per unit time,

The second term on the right side of equation 6

which affects the water temperature is the process

of heat advection. It is an abstract term con-

taining both the horizontal temperature distribu-

tion and the velocity and should not be mistaken

for the heat transport. In expanded form the heat

advection can be written |F||Ve|cos 0, i.e., the

magnitude of the velocity (the speed) times the

magnitude of the temperature gradient times the

cosine of the angle between the direction ot the cur-

rent and the direction of the gradient. Thus, if

<t>
is 90°, then the current flows parallel to the

isotherms and the heat advection is zero, although
the heat transport is not. Other cases where heat

advection is zero occur when there are no currents

or wlien there is no temperature gradient. The

heat advection, therefore, is simply a process

affecting the temperature of the water, here

expressed in temperature per unit mass per unit

time, resulting from a component of tlie current

perpendicular to the isotherm. Even though the

velocity enters into the expression, heat advection,

if determined from budget considerations, can

never give any information about the component
of velocity parallel to the isotherm.

To summarize, the heat budget equation repre-

sents the manner in which the association between

observed temperatures and physical processes has

been formalized. It provides a qualitative appre-
ciation of the processes involved and determines

what parametei-s must be measured and the man-

ner in which they should be measured. For

example, it is necessary to ol)tain time series of

observations together with horizontal distributions

in order to be able to interpret temperature obser-

vations in terms of processes. Furthermore, if an

understanding of the seasonal variation of proc-

esses is desired, then a plot of the local time

change rather than the absolute temperature
should be made.

The preceding discussion applies equally well to

other parameters. For example, the salt budget

eqnation is

(7)^=1 (E-P)-F.Vs

where s is the salinity, and E—P the evaporation
minus precipitation. Here the processes are the

water exchange across the sea surface and salt

advection.

In the following sections the heat budget con-

siderations will be applied to the Hawaiian region.

Fii-st, the processes which transpire at the sea sur-

face and affect the surface temperature will be

described. These wiU then be combined with the

data of part I to gain some understanding of the

advection processes.

2. EVENTS AT THE SEA SURFACE

Events at the sea surface which affect the

physical and dynamic properties of the surface

water include the net heat exchange across the

sea surface, evaporation minus precipitation, and

the wind stress. In this part of the atlas, atten-

tion will be focused on those processes which

affect the distribution of the sm'face temperature.

Therefore, the net heat exchange across the sea

surface will be of prunary concern. The evapo-
ration minus precipitation will be briefly discussed,

omitting wind information which is commonly
available in cHmatic compilations, such as the

U.S. Navy Marine CHmatic Atlas of the World,

vol. II (1956), and others.

A. The Net Heat Exchange Across the Sea Surface

It has long been recognized that the ocean is a

vast heat reservoir which has an important role
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in determining the climates of the world. Much
work has been done to investigate the man\i'old

problems associated with the energy exchange at

the air-sea boundary. A complete review of this

research will not be attempted, but such general

results as are of interest to this investigation may
be found in Sverdrup et al. (1942) and Jacobs

(1951).

Briefly, the processes of concern here are the

radiant energy from sun and sky absorbed by
the water (Qs), the radiant energy lost due to back

radiation (Qt,), heat energy lost by the processes of

evaporation (Qe), and conduction of sensible heat

to or from the water (Qc). The net heat ex-

change across a unit area of sea surface per unit

of time, H, or the heat available to change the

temperature of the water can be expressed by
the formula :

Q-Q,~Qe-Qc=H

These terms will now be discussed separately.

After entering the atmosphere, solar radiation

is modified by scattering and absorption so that

Qo represents the energy reaching the earth's sur-

face with a clear sky. Not all of this energy is

absorbed by the water because of reflection, and

further reduction may have occurred because of

cloud cover. To compute the energy absorbed

by the water (Q,) the following expression has

been given by Jacobs (1951) :

(?,= (l-r)(l-0.071 C)Qo

Here r is tlie percentage reflection and <
'

is the

cloudiness on a scale from to 10. Qs is generally

expressed in cal. cm.~^ day~^
Observations for the direct and diffuse solar

radiation reaching the earth's surface, Qo, are not

available in the Hawaiian region, so that these

values were obtained from the Smithsonian Mete-

orological Tables, table 135 (List, 1951), using a

transmission coefRcient a=0.9, and have been

plotted in figure 11. At 10° N. the seasonal range
of Qo is 140 cal. cm."^ day"'; from 640 cal. cm.~^

day"' in December to 780 cal. cm.~^ day"' in

summer. At 30° N. the seasonal range is 460 cal.

cm.~^ day"'; from 400 cal. cm."^ day"' in Decem-
ber to 860 cal. cm."^ day"' in June. It should

also be noted that from April to September the

difference between Qo at 10° N. and at 30° N. is

1000

JAN MAR MAY SEP NOV

FiauRE 11.—Seasonal variation of the direct and diffuse

solar radiation reaching the earth's surface at 10°, 20°,

and 30° N.

less than 100 cal. cm.~^ day"', whereas in Decem-

ber this difference is 240 cal. cm."^ day"'.

On the basis of these data, even though the

direct and diffuse radiation will be modified by

factors, such as back radiation and evaporation,

one would anticipate tiie following effects on the

surface water temperature: (1) the seasonal tem-

perature range increases northward, and (2) the

water temperature difference between 10° N. and

30° N. would be greatest during the minimum

temperature period of the year.

In order to use Jacolis' fornuila, the cloud cover,

which ranges from four- to six-tenths of sky

covered in the Hawaii region, was obtained from

the U.S. Weather Bureau Atlas of climatic cliarts

of the ocean (McDonald, 1938). The amount of

radiation reflected back to the sky was quoted by
Jacobs (1951) to range from 3.3 percent at the

equator to 8 percent at the poles. With these

data and Qo from the Smithsonian tables, the

amount of radiation absorbed in the water, Q,,

was computed.
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Figure 12.—Amount of computed radiation absorbed by
the water (Q,) in the vicinity of Oahu, and measured
radiation reaching the surface at Waipio, Oahu, mean
1943-50, and mean 1950-57.

Figure 12 shows the results of this computation
for the vicinity of the island of Oahu. The heat

absorbed by the water ranges from 340 cal. cm.~^

day"' in December to 510 cal. cni."^ day"' in

Jime. Comparable values for a clear sky at 20° N.

(fig. 11) are 520 cal. cm.-^ day"' and 830 cal.

cm.~^ day"', respectively. In the vicinity of the

Hawaiian Islands, cloud cover, tlierefore, reduces

the insolation by iibout 35 to 40 percent.

Although no direct measurements of Q^ for the

marine vicinity of Oahu are available, the radia-

tion rcaclhng the surface has been measured at

Waipio (near Pearl Harbor), Oahu, by the Sugar
Planters Association and the Pineapple Research

Institute of Hawaii. The mean data for the years
1943 to 1950 and 1950 to 1957 have been plotted
in figure 12.''. The mean observed solar radiation

from November through February for the 1943-

50 pei'iod is approximately tlie same as that com-

puted for the vicinity of Oahu. During the

remahider of the yenr, the computed vahies are

up to SO cal. cm."^ day"' (about 15 percent) too

' Data were supplied i>y Dr. Paul C. Ekern. Pineapple Research Institute,

Honolulu, Hawaii.

low. The mean observed values for the 1950-57

period are about 30 cal. cm.~^ day"' higher in

winter and up to 140 cal. cm."' day"' (about 25

percent) higher in summer than the computed
values. In other words, the computed insolation

values are of the right order of magnitude, in good
agreement witli observed values during the winter,

but 15 to 25 percent too low durmg the summer.
The seasonal discrepancy between the computed

and observed insolation can be explained in several

ways. During the whiter months medium and

high clouds are an important part of the cloud

cover, whereas during the remainder of the year
trade wind cumuli predominate. First, then, the

discrepancy may be due to seasonal variations in

tlie difference between the cloudiness over Waipio,
located on the leeward side of the island, and that

over the ocean, since orography would affect low

tradewind cloudiness more than medium and high
cloudiness. In addition the cloud correction for-

mula may be sufficiently accurate for the medium
and high cloudiness during the winter, but not for

the trade wind cumuli in summer. Since cloud

cover is observed obliquely from a ship, there is a

tendency to overestimate cover of the latter type.

F'urthermoi-e, the formula used above does not take

into consideration the reflection from trade wuid

cumuli.

The next term to be considered in the net heat

exchange across the sea surface is the back radia-

tion. This is a function of the absolute surface

temperature of the sea, radiating almost like a

black body, the relative himiidity, and the type
and amount of the cloud cover. According to

Sverdrup et al. (1942:112) back radiation can then

be expressed by

Q, = Q,o (1 -0.0S3C).

Tliis applies to average conditions oiil_\', since tlie

reduction of the effective back radiation, Qt,o, due
to clouds depends upon the altitude and the

density of the clouils. C is the cloudiness on the

scale from to 10.

The necessary data to compute the back radia-

tion were obtained from the Atlas of Climatic

Charts of the Ocean (McDonald, 193S) and from

Sverdrup et al. (1942: fig. 25). Back radiation

ill tlie Hawaiian region ranged from 115 to 150

cal. cm."^ day"', and in the vicinity of Oahu
from 130 to 150 cal. cm."- day"', with the lower

values occurring during spring and summer.
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Again, no observations of back radiation are

available and, as before, the principal error would

be due to an incorrect cloud factor for the trade

wind area.

Next in the net heat exchange across the sea

surface is the evaporation. Its importance to the

net heat exchange can be gauged from the fact that

about 585 calories are used to evaporate 1 gram
of sea water. No observations for Qe are avail-

able, so that computed values must be used. These

are based on formulae described both by Sverdrup
and others (1942) and Jacobs (1951). They sug-

gested simplified formulae for use with average
climatic data to obtain the evaporation as a func-

tion of the sea and air vapor pressure difference

and the wind speed. Albrecht (1951) computed
the evaporation for the Indo-Pacific using the

formula from Sverdrup (1936) and the meteoro-

logical data of the revised, 1944, German edition

of McDonald (1938). In checking his results by
means of the total Indo-Pacific water budget, he

estimated the calculated evaporation to be 10

percent too low. Since most meteorological ob-

servations at sea are made from merchant ships,

Albrecht assumed heigh t-of-bridge (8 m.) for psy-
chrometric observations and masthead (20 m.)
for wind observations. By assuming both obser-

vations to be made at bridge height (8 m.), the

computed evaporation would be 10 percent higher.
For computations of the net heat exchange in

this paper, revised evaporation charts, received

from Dr. Albrecht in a personal communication,
were used. Figure 13 shows the seasonal variation

in the heat used for evaporation at 20° N. and

400

400

Figure 13.—Seasonal variation in the heat used for evap-
oration at 20° N. and 160° W.

NORTH LATITUDE

FiGUBB 14.—Meridional profiles of the heat used for

evaporation, 160° W. during April, August, and Decem-
ber.

160° W. It peaks at about 330 cal. cm.-^ day-' in

April, with the low evaporation period extending
from Julj' to January at 220 to 250 cal. cm."^

day-'.

Meridional profiles of the heat used for evapora-
tion at 160° W. are shown in figure 14. In April,

during the maximum evaporation period at 20° N.,
it is 260 cal. cm.-^ day-' at 10° N., 340 cal. cm.-^

day-' at 18° N., and 210 cal. cm.-May-' at 30° N.

In August, during the minimum evaporation

period at 20° N., it is 220 cal. cm.-^ daj^-' at

10° N., 240 cal. cm.-2 day-' at 17° N., and 170

cal. cm. -2
day"' at 30° N. In December, the

evaporation is 240 cal. cm."^ day-' at 10° N.,

220 cal. cm.-2 day-' at 22° N., and 260 cal. cm.-^

day-' at 30° N.

It should be noted that whereas maximum and

minimum periods of evaporation at 20° N. occur in

April and August, at 30° N. they occur in winter

and summer (December and June), respectively,

illustrative of different cUmatic areas.

Riehl and others (1951) obtained an ahnost

exact heat balance in the atmosphere northeast

of Hawaii by using heat equivalents for evapora-
tion based on Jacobs' method of computation.
The values based on weather-ship observations

during July to October 1945 yielded evaporations
of 230 to 250 cal. cm.-^ day-' for 26° N., 149° W.
and Oahu, respectively. These are in good agree-

ment with Albrecht's results. Although Riehl's

values were obtained by essentially tlie same

method as Albrecht's, they do provide an indirect
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clieck in that they also bahmced tlic lioat budget
of the atmosphere.
The last term to be considered in tlic iicl lieat

exchange across the sea surface is conduction of

sensible heat. It is a function of the vertical

temperature gradient and turbulence above the

sea surface. From Jacobs (1951), one again ob-

tains a smiple e.xpression when average climatic

data are considered:

Q,= 1.45(e„-0j Wa cal. cm. -2
day-'.

da and ^a are the temperatures in °F. of the sea

and air, respectively, and Wa is the wind speed
in knots.

In the Hawaiian region, the exchange of sensible

heat across the sea surface is not important and

ranges from 5 to 40 cal. cm.~^ day"', with the

high values occurring during winter months in the

northern portion of the region. In the vicinity

of the main island group, it ranges from 4 cal.

cm.-^ day-' in August to 25 cal. cm.-^ day-' in

Februarv.

To summarize, figure 15 shows the relative

magnitude of the terms discussed in this section,

as they affect the net heat exchange at 20° N.,

100° W. It is apparent that the lieat absorbed

by the water, Q,, determines the seasonal pattern
of the net heat exchange, H, although this may
be modified, as it is during the months centered

about April, because of high evaporation rates.

The total rate of heat loss from the sea surface

is at a maximum of 490 cal. cm.-^ day-' during

April and at a minimum of 370 cal. cm.-^ day-'

duiing July and August. During tlie former

period, the relative contribution to the total daily
heat loss from back radiation, evaporation and

conduction is 27 percent, 69 percent, and 4 percent,

respectively. During the latter period, these rela-

tive losses are 37 percent, 62 percent, and 1 per-

cent, respectively. This illustrates again the

unportance of evaporation in the net heat exchange
across the sea surface.

The relative importance of the terms contribu-

ting to the net heat exchange across tlie sea surface

is also illustrated in figure 16 by meridional

profiles at 160° W. for June and December. Dur-

ing June (fig. 16A), the rapidly rising net heat

exchange north of 19° N. is seen to be due to

northward declining evaporation from 260 cal.

cm. -2
day-' at 19° N. to 130 cal. cm."' day-' 30° N.
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Figure 15.—Relative magnitude of the components enter-

ing into the net heat exchange across the sea surface at

20° N., 160° W. (Q,—heat absorbed by the water,

Qb—back radiation, Qe—heat used for evaporation,

Qc—conduction of sensible heat, H—net heat e.xchange

across the sea surface.)

In December (fig. 16B), the total daily heat loss

across the sea surface varies only by about 30

cal. cm.-' day-' between 10° and 30° N.

It is now of interest to know how the net heat

exchange affects the surface temperature of the

water. According to the basic assumptions of

the previous section, the absorbed heat remaining
in the water after back radiation, evaporation,

and conduction, would be uniformly distributed

throughout the mixed layer. Therefore, accord-

ing to equation 6, one obtains the change of

surface temperature per month by dividing the

net heat exchange, H, by the depth of mixed
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30°

Figure 16.—Meridional profiles showing the relative magnitude of the components entering into the net

heat exchange across the sea surface at 160° W. Panel A—June, panel B— December. (Q,
—heat absorbed by

the water, Qb—back radiation, Q,—heat used for evaporation, Qc—conduction of sensible heat, H—net

heat exchange across the sea surface.)

layer, z, the specific heat, Cp, and the density of

sea water, p.

This is illustrated in figure 17 by the meridional

profile of the net heat exchange and the equivalent

change of temperature at 160° W. in June and

December. For convenience the net heat ex-

change is presented in units of kilocalories per

square centimeter per month (kcal. cm.~^ mos.~').

At 12° N., for example, the net heat exchange
varies from approximately +0.3 kcal. cm.~^ mos."'

in December to +3.0 kcal. cm."° mos."' in June;

a tenfold increase. The effect on the change of

surface temperature, on the other hand, varies

from about 0.1 °C. mos."' to 0.3 °C. mos."', only

a threefold increase, reflecting the effect of the

seasonal change in the depth of mixed layer at

12° N. (fig. 2).

At 30° N. the net heat exchange varies from

about +7.9 in June to —5.9 kcal. cm."^ mos.~' in

December. The equivalent change of surface
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NORTH LATITUDE

Figure 17.— Meridional pro61e at 160° W. of the net heat

exchange and its equivalent rate of change of surface

temperature during June and December.

temperature during those months would vary
from about +4.5 °C. mos."' to —1.0 °C. mos.-',

respectively, again reflecting the effect of the

seasonal change in the depth of mixed layer.

In the siu'face temperature discussion reference

was made to the northward increase in the seasonal

temperature range (figs. 5 and 7). For example,
at 12° N. it is only 1.7 °C., whereas at 26° N. it

is 5.3° C. Figure 17 shows that the seasonal

range in the rate of change of temperature attrib-

utable to the net heat exchange to be only 0.2° C.

619237 O—62 i

mos.-' at 12° X., but 2.7° C. at 26° N. On the

basis of the seasonal range of the net heat ex-

change, one would therefore expect a northward

increasing, seasonal temperature range.

In the discussion of figure 7 reference was also

made to the break in the meridional temperature

gradient at 22° N. during November to May.
This was attributed to a boundary of climatic

significance. Such a boundary would be one

south of which the net heat exchange is positive

throughout the year and north of which it is posi-

tive during the summer and negative during the

winter. Figure 17 shows this to occur at about

13° N. rather than at 22° N. as anticipated from

figure 7. Further examination of figure 17, how-

ever, shows that the effect of the depth of the

mixed layer is such that the monthly tempera-

ture change due to net heat exchange, although

negative, remains negligibly small (0.1°C. mos."')

to 20° N. Therefore, again on the basis of net

heat exchange as expressed in temperature change

per month, one would expect the meridional tem-

perature gradient to increase north of 20° N.

To show the mean meridional profile, between

150° W. and 180°, of the net heat exchange and

its effect on the change of surface temperature,

figure 18 has been included. It is similar to

figure 17, except that it shows the net heat

exchange to be positive throughout the year

south of 18° N. Thus, certain features in the

distribution of surface temperature appear to be

associated with the net heat exchange across the

sea surface.

Finally, the chmatic boundarj- referred to

above (where tlie negative change of temperature

due to heat exchange becomes greater than 0.1° C.

per month) may be of dynamic and biological

significance. In those latitudes where the net

heat exchange is always positive, it has a stabilizing

influence on the water column tliroughout the

year. To the nortli of tlie boundary, where the

effect on the temperature decline is no longer

negligible, the net heat exchange has a stabilizing

effect tending to oppose the effect of wind stirring,

during part of the year, antl during the remainder

of the year, when it is negative, tends to aid the

effects of wind stirring l)y convection.

Biologically this boundary may be regarded as

one which separates high and low latitude indices

of production. For example, on the low latitude

side nutrients in the water and plankton standing
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(E-P) at 25°-30° N., respectively. An excess

of precipitation over evaporation occuis south of

15° N. between March anil Deceniljcr, reaching

farthest north during September and October.

E.xcess precipitation over evaporation also occurs

north of 29° N. in February.
The seasonal variation of (E—P), together with

the variation of evaporation as plotted in figure

20 for 20° X. 160° W., illustrates the manner in

which precipitation modifies the evaporation.

Tlie precipitation is approximately 1.2 cm. mos.~'

in July and 7.2 cm. mos.~' in December and

January.
Meridional profiles of (E—P) and evaporation

at 160° W., illustrating the modifying effect of

18

10 E-P

X
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Figure 20.—Seasonal variation at 20° X., 160° W., in the

rate of evaporation, precipitation, evaporation minus

precipitation and equivalent salinity change per month

(upper panel).

precipitation, are shown in figure 21. In April,

at the time of niaxinmm evaporation at 20° X.,
the minimum precipitation of 4.8 cm. mos.~' occurs

at 22° and 23° X. It increases northward to 10 cm.
mos.~' at 30° X. and southward to 16 cm. mos.~' at

10° N. In August precipitation is essentially

lacking l)etween 21° and 24° X., but it increases

northward and southward to 6 cm. nios."' at 30° X^.

and 16.4 cm. mos.~' at 10° X. Finally, in De-

cember, the time of maximum (E—P) at 15° N.,
minimum precipitation of 7 cm. mos."' has shifted

southward along the meridian to 16° X., with

12.4 cm. mos."' and 10.6 cm. mos.~' at 30° and
10° X"^., respectively.

In order to illustrate the effect of evaporation
minus precipitation upon the salinity in terms of

change of salinity per month, equation 7 states

that (E—P) must be divided by the depth of the

mixed layer and multipHed by the salinity. The

upper panel in figures 20 and 21 shows the change
of salinity due to (E—P) in terms of parts per
thousand of salt per month. Thus, at 20° X^.

160° W., figure 20, the evaporation minus precipi-

tation would increase the salinity- by 0.02%o
mos.~' in December and January, 0.09%o mos.~'

in May and July, and in June by 0.19%o mos.~'

because of the shallow depth of mixed layer.

In figure 21 the April maximmn change of

sahnity of 0.09°/oo mos."' occurs at 23° X. (maxi-
mum (E—P) occurs at 20° N.). During August
the maximum change of 0.1%© mos.~' occurs at 22°

N., and in December the maximum of 0.04°/oo

mos.~i occurs at 13° X. During December
the change of salinity due to evaporation minus

precipitation is positive along the entire section

shown, whereas during April and August it is

negative south of 13° and 15° X^., respectively.
The seasonal changes of salinity at 13°, 16°, 21°,

and 26° X^. (fig. 9) can now be examined in the

hght of the evaporation minus precipitation. At
each of these latitudes except 13° X., (E—P) is

positive throughout the year, so that dechning
salinities cannot be explained bj* excess precipi-

tation, but must be associated with movement of

the surface water.

At 21° X. the salinity is dechning and reaches a

minimum when the monthly change of sahnity
due to (E—P) is rising and reaches a max-imum.
This phenomenon can be explained by the north-

ward movement of the high salinity gradient or

boundary described on page 382 (fig. 10).
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Figure 23.—Distribution of advection in the Hawaiian
survey region (°C. mos.-')- A— Mean positive (cold)

advection; B— Mean negative (warm) advection; C—
Mean annual advection.

is also true in figure 22C, except that negative
advection is less pronounced and occurs earlier.

Phase differences between extremes of and
pCpZ

—
,
and changing distances between these curves

indicate a varying advention resulting in advec-

tion peaks. This is best illustrated by plotting

the difference between and — separatelv.
pCpZ £d

^ -^

North of the islands, for example, advection peaks
occur in June to July and in October to November.
To the south of the islands, advection peaks occur

in February, June, and November. Within the

island area, these peaks occur during February to

March, August, and October.

Since both the and — curves have shapes
PCt,Z At

and times of maxima and minima typical for

A/?
their location, one might call the — curve, as may

be obtained from an island monitoring station, a

"characteristic heating curve." Similarly, the

combinations of these curves form advection

patterns typical for their location, so that curves,

such as in figure 22, may be called "characteristic

advection diagrams."
In order to explore the physical meaning of

advection and discover its significance in the

vicinity of the Hawaiian Islands, the region was

divided into 60 three-degree squares for which

characteristic advection diagrams were drawn.

First, by measuring the area between
H ,Ad

and —
pCpZ At

of each diagram, the mean positive, the mean

negative, and the mean annual advection was ob-

tained and their distribution plotted in figure 23.

Positive or cold advection occurs approximately
from May to the following Februarj' and is dis-

tributed as shown in figure 23A. The feature of

significance here is the trough of low advection

extending southwestward from 21° N., 150° W.,

crossing the southern boundary of the region in

the vicinity of 170° W. On both sides of the

trough the mean advection increases to approxi-

mately 2° C. mos.~' in the northwest portion of

the region and 1° C. mos.~' in the southeast.

Negative or warm advection occurs predomi-

nantly during March and April. Figure 23B

shows that a distinct positive advection pattern
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is absent and that the magnitude ranges from

to 0.6° C. mos.-'.

The short duration and low values of negative
advection iiidioate that this is not important when
the mean annual advection is considered. Figure
23C shows that the latter is positive throughout
the region and reveals a distribution similar to

that of the distribution of the mean positive

advection. Although the trough of low positive

advection has other implications, it is sufficient

to note at this point that it may indicate a transi-

tion zone between two climatic regions, one in the

southeast portion and the other in the northwest

portion of the Hawaiian region.

The next step in the analysis involved grouping
of the characteristic advection diagrams by sim-

ilarity in shape and phase. Upon examination of

the 60 diagrams, 2 primary, climatic regions
became apparent. One is located in the north-

west portion of the Hawaiian region (area A,

fig. 24), with dominant positive advection during
June and July and a secondary positive advection

peak during December and January. The other

climatic region is located in the southeast portion
of the region (area B, fig. 24), with a dominant
advection peak in October and November. The
intermediate area is under the influence of both

climates. The characteristic advection diagrams
were then combined on the basis of climatic

similarities and their number thus reduced to the

nine presented in appendix B, chart V.

The diagram characteristic of area A shows a

pronounced advection peak of 3.5° C. mos."' in

June, which then decreases rapidh^ until the end

Figure 24.—Climatic areas of the Hawaiian region based
on characteristic advection diagrams.

of November, except foi' a period of little change
(hiring October. A secondary advection peak of

1.1° C mos.~' occurs during December and

January and, finally, advection reaches a minimum
of —0.5° C. mos."' during March.

In area Ai, just south of area A, the June-July
advection peak of 2° C. mos."' and the secondary
peak of 1.1° C. mos."' in December-January are

as pronounced as in area A, and, in addition, there

is a secondary peak of 1.2° C. mos."' in October.

Area A2, just to the west of the main islands, again
exhibits these features: a primary peak of 1.2° C.

mos."' in June-July, a peak of 1° C. mos."' in

October-November and the third peak of 0.5° C.

mos."' in December-January. In area A,, advec-
tion reaches a minimum of —0.2° C. mos."' in

March and in area A2 —0.3° C. mos."' in March-

April.

In area A3, east of area A, advection peaks of

2.1° C. mos."' in June-July, of 1.1° C. mos."'

in September-October and of 0.7° C. mos."' in

November-December are present. A small advec-

tion peak also occurs in Februarv-March, so that

this, and the shift in the occurrence of the two

secondary peaks, constitutes a departure from the

periods of A, A;, and A2. One also notes that

-—— and -r: are superunposed or in phase during

Maj', as is also the case in area A2, indicating a

period of no advection during that month.
In area A4, which extends from the northeast

corner of the region through the main island

group, the thi-ee pronounced advection peaks are

again apparent. The main peak of 1° C. mos."'

has shifted to July-August. There is no phase
shift in the October-November peak of 0.8° C.

mos."', and the Februarj''-March peak of area A3
is now more pronounced at 0.5° C. per month.
In addition, there appears a small peak during

April-May. Minimum advection of —0.7° C.

mos."' occurs in March-April.
If one regards the advection pattern of area A,

as typical, then that of area A2 shows only a slight

change in shape, but no change in the time of

advection peaks. In areas A3 and A4, one notes

botli a ciiange in shape and phase shift of the

advection peaks, wliich may be due to the barrier

effects of the island cliain within a varving current

field.

The characteiistic advection diagram of area B
shows an advection peak of 1° C. mos."' during
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October-November and another, slightly lower,

during August-September. Minimum advection

of —0.1° C. mos."' occurs during April. The

primary distinction between area B and the other

areas of the region is the absence of both the

June-July and the December-January advection

peaks. The August-September advection period

occurs in only two of the nine advection diagrams

of this climatic area, leaving October-November

as the important advection period of area B.

In area B,, the southwestern portion of the

region, the advection pattern appears more

complex. Maximum advection of 1.1° C. mos.-'

occurs in December-January, with a noticeable

peak of 0.9° C. mos."' in October-November

and another distinct peak of 0.8° C. mos."' in

June-July. Minimum advection of —0.2° C.

mos."' occurs during February.

Area B2, north of areas B and B,, has two

pronounced advection peaks; one of 0.9° C.

mos."' in June-July and another of 1.1° C. mos."'

in December-January. Minimum advection of

— 0.3° C. mos."' occurs in March.

Finally, in area B3, east of Hawaii, the advection

pattern again appears more complex. Maximum
advection of >0.5° C. mos."' occurs in October-

November and, in addition, there are peaks of

0.5° C. mos."' in July-August and December-

January. Minimum advection of —0.4° C. mos."'

occurs in March-April. In addition, there is an

advection peak of 0.2° C. mos."^ in May-June,
which is also apparent one month earlier in areas

Bi, B2, and A4.

To summarize, the Hawaiian region was divided

into areas on the basis of time of occurrence of

positive advection peaks. In the northwest

portion, a primary peak occurs during June-July
and a secondary peak during December-January.
In the southeast portion, the dominant peak occurs

during October-November. The areas between

exhibit varying magnitudes of these advection

periods. Differences from the basic patterns in

areas A3, A4, and B3 may be due to varying effects

of the island barrier in a changing current field.

Negative advection, generally of small magnitude,

peaked during March and April.

Since heat (temperature) advection is the scalar

product of the current velocity and horizontal

temperature gradient, it is difficult to visualize it

as a water displacement perpendicular to an iso-

therm. In order to do so and to explore the

physical significance of advection further, the

intrinsic temperature and advection charts will be

developed in the next section.

B. Intrinsic Temperature and the Heat Advection Chart

A measure of advection as obtained in the pre-

vious section can provide, if the horizontal

temperature gradient is known, information only

about the component of the current in the direc-

tion perpendicular to an isotherm. For example,

if the advection is 1° C. mos."' and the horizontal

temperature gradient 1° C. per 60 miles, then this

advection is equivalent to water shifting 60 miles

perpendicular to the isotherm. If the gradient is

0.5° C. per 60 miles then the shift would be 120

miles.

Now assume that the surface temperature is

conservative or an "intrinsic" property of a parcel

of water. Then, as before, there would be no

advection for currents parallel to an isotherm.

However, a component of flow perpendicular to an

isotherm, the temperatm-e now being an intrinsic

property of the water, would result in a shift of the

isotherm. In other words, advection can be

interpreted as a shift of "intrinsic" isotherms with

the displacement distance depending upon the

temperature gradient. An "intrinsic" isotherm,

therefore, exhibits properties of a movable stream-

line or boundary in that there is no flow across the

isotherm. Thus, no information can be gained

about the flow parallel to an isotherm, but a com-

ponent of flow perpendicular to the isotherm,

using "intrinsic" temperatures, must result in a

shift of the boundary or the "intrinsic" isotherm.

Although any intrinsic isotherm or salinity

isopleth in the ocean is a movable boundary, the

resulting advection due to their displacement is

magnified in transition zones marked by higher

temperature and (or) salinity gradients. Thus,

the areas of high advection in the northwest and

southeast portions of the Hawaiian region (fig. 23)

can be interpreted as transition zones, with moving

boundaries, between climatic regions. These cli-

matic regions were recognized by the character-

istic advection diagrams of areas A and B in the

previous section. Ai-eas of high salt advection

due to boundary movement are also to be expected

during summer at 21° to 23° N., 155° to 160° W.,

and during fall at 13° N., 155° to 160° W., on the
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basis of high salinit}' gradients shown in figures 10

and 9, respectively.

The foregoing discussion can be further illus-

trated by computing intrinsic temperatures with

the help of the simplified heat budget, equation 6.

Since only two processes, the heat exchange

across the sea surface and advection, are assumed

to contribute to the change of temperature, one

can compute what the change of temperature
should be if there were no heat exchange. The

heat budget equation

At pCpZ

then becomes

At•\=-v.v..

the change of temperature due to advection only.

Considering the unit of time to be one month,
one can compute the intrinsic temperature, di, at

the end of a month for any location, if that month's

advection is known, from

61
—61=— v-ve or

6i
= 6i-V-'^6

where ^, is the temperature at the beginning of the

month. One can also obtain the intrinsic tempera-
ture bj' subtracting the net heat exchange during
a month from the temperature at the end of the

month:

61=62 '

pCpZ

A chart of the temperature distribution at the be-

ginning of the month and one for the intrinsic

temperature at the end of the month can now be

drawn and combined. This new chart then illus-

trates advection in terms of the displacement of

intrinsic isotherms or boundaries.

For the Hawaiian region, four "advection

charts" were prepared (cliart VI, appendix B),

one each for the three advection periods, June-

July, October-November, and Decembei—January,
and one for the minimum or negative (warm)
advection period of March-April.

In the first chart the solid and dashed isotherms

show the mean temperature distribution for the

beginning of March and April and the mean in-

trinsic temperature distribution for the end of

March and April, respectively. The chart shows

that the displacement of the intrinsic isotherm is

small throughout most of the region and probably
not significant. The 24° and 25° C. isotherms are

displaced northward, however, bj- as much as 180

miles in the eastern portion of the region, indicat-

ing warm advection.

The March-April advection chart therefore in-

dicates either no current flow, or currents parallel

to the isotherms, with some warm advection in

the eastern portion. This is compatible with the

gross winter geopotential topography (chart IV),

which indicates little flow in the northern half of

the region and flow parallel to the isotherms in the

southern half.

The June-July advection diagram shows the

average isotherms for the beginning of these

months slope from northwest to southeast, whereas

the average intrinsic isotherms for the end of these

months, except for the southwest portion, show an

east-west direction. Thus, this advection chart

for the principal advection period shows very little

displacement of the 25° and 26° C. isotherms in

the eastern portion of the region, whereas in the

western portion displacement may be as high as

550 miles per month, indicating a southward com-

ponent of flow of 0.7 to 0.8 knot. Although there

are insufficient current data to compute the advec-

tion independently, a westerly setting current of 1

knot could accomplish this displacement. High
advection is also indicated in the northern portion

of the region, where the displacement increases

westward from 150 miles per month to more than

500 miles per month.

This advection chart conveys a picture compati-

ble with salinity changes if one postulates water

entering the survey region from the east and push-

ing the intrinsic isotherms southward as if they

were movable boundaries. The water entering

the survej' region from the east also decreases the

salinity in the vicinity of the Hawaiian Islands

during the spring, reaching a minimum in July

(fig. 9), despite the fact that this is a period of

ma.vhnum evaporation minus precipitation (fig.

20).

High heat advection in the vicinity of Midwaj-
Island during June and July is also compatible

with the sharp salinitv dechne during those months

(fig. 9).

The characteristic advection diagrams of the

previous section (chart V) show that the advection
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declines after the primaiy peak in June-July, but

then rises again in August or September to reach a

secondary peak in Octobei^November. The ad-

vection chart for the October-November period
shows no material difference between the mean
isotherm pattern for the beginning of these months
and the mean intrinsic isotherm pattern for the end

of these months. High advection continued in

the western half of the region, with the principal

change from the previous chart occurring in the

southeast portion. There advection was low dur-

ing the June-July period and then increased to

1° C. mos."' in October, as shown in the charac-

teristic advection diagram of area B (chart V).

The displacement speeds of the 26° and 27° C.

isotherm in the southern portion of the region are

as high as 0.9 knot, in the northwest portion they
are about 0.5 knot and, in the northeast portion
the 25° isotherm was displaced at a speed of about

0.2 knot.

To explain this advection picture one can

postulate that the westerly flow of the June-July

period slackened and shifted to the southeast

portion of the region. This is coincident with the

intrusion of lower salinity water into that area, as

indicated in figure 9 showing the seasonal salinity

variation at 13° N. One can further postulate
that with the relaxation and southward shift of the

flow from the east, higher salinity water from the

northwest reoccupies the region from which it had
been displaced during the primaiy advection

period. This, again, is in agreement with the

salinity data as shown in figure 8.

The final advection period, as indicated by the

characteristic advection diagrams, occui-s during
December and January in all the areas except in

area A4 where it is delayed until February and
area B where it is absent. The mean temperature
for December and January at the beginning of

these months, and the mean intrinsic temperature
for the end of these months are beginning to

assume the distribution of the March-April period.
The chart shows displacements of the 25° and 26°
C. isotherms in the central portion of the region
of up to 360 miles or at a rate of about 0.5 knot.

To the north, the 24° C. isotherm is displaced by
up to 120 miles or at a rate of less than 0.2 knot.
The primary advection during June and July

can be associated with an intensification of the

tradcwind system and the secondary period during
October and November with its relaxation.

However, there appeare no wind pattern which
could be associated with the December-January
advection peak. In the vicinity of the main
Hawaiian Islands the salinity reaches a peak
during the December to February period and
northeast of the Marshall Islands the horizontal

temperature distribution at 400 ft. (Robinson,

1954) suggests intensified circulation. This points
to an inertia! surge in the high salinity circulation

sj'stem as the explanation for the advection peak.

Although the water movement as suggested by
the advection periods has not been observed

directly, present knowledge of the general Pacific

circulation, and the sketchy salinity data, are

compatible with the advection model. In the

next section, therefore, it will be shown that the

surface temperature can be used to monitor

physical processes.

C. Characteristic Heating Curve

The simplified heat budget, equation 6, shows

the rate of change of temperature to be a function

of the two independent variables; the heat ex-

change across the sea surface and the heat advec-

tion. Since the seasonal variation of the heat

exchange across the sea surface and the seasonal

variation of the advection are characteristic of

the oceanographic climate at any location, the

dependent, seasonal variation in the rate of change
of temperature should also be characteristic of the

location. A graph of the seasonal rate of change of

temperature can therefore be called the character-

istic rate of change temperature curve, or, simply,
the "characteristic heating curve."

The characteristic advection diagrams of chart

V show, with the exception of areas B and Bj, that

the heat exchange curves have a regular seasonal

shape, with a maximum in June and a minimum in

December or January. Changes in advection

should therefore be reflected in irregularities of the

characteristic heating curves. For example, in

April the change of slope in the characteristic

heating curve of most areas in the survey region

(chart V) indicates a change from negative (warm)
advection to positive (cold) advection. In the

northeastern portion of the survey region (areas

A4 and B3), the pronounced dip in the characteristic

heating curve during April and May signifies an

initial surge of cold advection, which then slackens

during May and June, as indicated by the rapid

rise of the rate of change of temperature.
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Again, in most areas of the survey region, the

rapid decline in the characteristic, curve, after

reaching a peak in May-June, is associated with

the June-July advcction peak. The slackening of

the primary advcction is reflected in a change of

slope in the characteristic heating curve or a

secondary peak as in areas Aj, A3, A4.

In areas A, A,, Aj, A4, and B3, both the October-

November and the December-January (February
for A4) dips in the characteristic heating curves

can be interpreted as advectiou peaks at those

times. In areas Bj and B2, these advcction periods

overlap in such a way as to produce only a single

minimum in the characteristic heating curve.

Generall}^, the characteristic heating curve is

expected to be sensitive to cold advcction during a

period of rising heat exchange and most sensitive

to warm advcction during declining heat exchange.

During the winter months in areas where heat ex-

change is small, the characteristic heating (cool-

ing) curves would be very sensitive to changes in

advcction. This is illustrated in the characteristic

advcction diagram of area Ai, where the secondarj^
advcction peaks produce large changes in the char-

acteristic heating cm-ves during October-Novem-
ber and December-January.
The characteristic advection diagrams of chart

V are useful in discovering gross climatic features

and in'delineating climatic regions. More useful,

however, are the characteristic heating curves

drawn from data regularly collected at fixed moni-

toring stations, particularly if featm-es of the curve
can be related to other contmuously monitored
events or processes. Gross climatic processes, as

discovered in the characteristic advection curves,
should again be reflected in the shape of the heat-

ing curves.

Figure 25 represents the characteristic heating
curve as drawn from mean data collected in the

vicinity of Koko Head, Oahu, from 1951 to 1958.

It differs from that of figure 22B primarily during
the winter months, when it forms only one mini-

mum in December, whereas tlie latter forms a

minimum m November-December and another

dip in the characteristic temperature curve during

January-February. The March-April and the

June peaks are in phase on both diagrams. These
differences are to be expected, since the curve of

figure 22B represents data collected in a three-

degree square covering both sides of the island

chaui. The Koko Head cm-ve, on the other hand,

o

JAN MAR mX JUL SEP NOV JAN MAR

Figure 25.—Mean (1951-58) characteristic heating curve
for the vicinity of Koko Head, Oahu.

represents data collected only at a point on the

"island barrier" within a large circulation system.
The mean characteristic heating curve at Oahu,

then, shows that the rate of change of temperature
becomes positive at the end of February, indicating
warm advection. The commencement tune is

similar to that in area A2, just to the west of Oahu.
The rapid rise m the rate of change of temperature
dm-ing May can be interpreted as a period of low

advection, as in figure 22B where the rate of change
of temperatm-e is the same as the net heat exchange
across the sea siu-face. Since, during this time of

the year, the isotherms are approximately parallel
to the islands (see May temperatiu-e chart II),

this means that the flow is also parallel to the

island chain. Then, again as in figure 22B, the

rate of change of temperature reaches its maximum
in June, slightly later than m area A2 and earlier

than in area B3. This is also apparent in area A4,
where a combination of maximum rates of change
of temperatures occurring either duruig May-
June or June-July produce the wide peak in the

cliaracteristic heating cm"ve.

Since the flow during the June-Jul}' advection

period is from east to west, at a low angle of in-

cidence within the island chain, one can postulate
that its deflecting effect is at a maximum. How-

ever, as the incident flow acquires a southerh^

component and the angle between it and the island
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Figure 26.—Characteristic heating curve at Koko Head, Oahu, 1956 through 1958.

chain becomes larger, water will pass through the

channels and cold advection becomes apparent.

This has the effect of delaying and damping the

June-July advection so as to merge it with the

October-November period, as is indicated in the

advection curve of figure 22B. The advection

diagram of area A4 does not exhibit this feature,

since it is a combination of diagrams prunarily of

the northeast portion of the region, where the June-

July advection peak is delayed but not damped
out.

Finally, the characteristic heating curve for

Oahu reaches a minimum during December, indi-

cating that the December-January advection peak
is affecting this area, rather than the delayed

February peak to the northeast of the islands.

Figure 26, showing the rate of change of tem-

perature of the Koko Head (Oahu) monitoring
station from 1955 through 1958, further illustrates

the utility of characteristic heating curves.

Here the dashed line represents the mean charac-

teristic curve discussed above and the solid hne,

the observed data. Pronounced deviations from

the mean characteristic curve are apparent during

1955 and 1957. In 1955, the maximum rate of

change of temperature occurred during April and

then decreased irregularly to reach its minimum

during November-December. The early peak
and the generally decreasing trend in the rate of

change of temperature are comparable to curves

found south of the islands, such as in figure 22A

for the three-degree square 14° to 17° N., 156° to

159° W.

Similarly, the shape of the characteristic heating

curve in 1957, with a peak 0.4° C. mos."' higher

than the mean peak, resembles curves found north

of the islands, such as in figure 22C for the three-

degree square 26° to 29° N., 156° to 159° W. In
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short, since the shape of the characteristic heating
^.j^^^^^^^ fl_, ^^^j^ therefore be too high and re-

curves reflects the oceanograpliic clnnale, one can pCpS

say that, during 1955, Oahu was located within an suit in excessive heat advection. Neglecting the

oceanographic cliuiate normally to be found to the effects of diffusion in the siniphfied heat budget

soutli, antl, during 1957, Oahu was located within equation would also tend to increase the computed

an oceanographic chmate normally to be found to advection.

the north. The assumptions, then, would affect the magni-

During 1956, the dip in the heating curve which tude of advection, but not necessarily the advec-

signals the end of the warm advection period tion periods. This view is supported by the

occurred during March-April, approximately one consistency of the advection periods throughout

month earher than in the mean curve. The the survey region, despite data of less than

significance of two peaks during the May to July desirable quality.

period rather than one as in the mean Koko Head In the discussion of the characteristic heating

curve is not apparent. The dip in the heating curves obtained from the Oahu monitoring station

curve during August of 1956 to below and, subse-
(fig. 26), deviations of the rate change of tempera-

quently, to above the mean curve can be inter- ture from the mean were explained in terms of

preted as more pronounced cold advection. advection. This implies that year-to-year changes

From March to October 1958, the shape of the in the heat exchange and diffusion are insufficient

heating curve resembled the mean curve except to account for these deviations,

that the March-April peak, the April-May dip. In the vicmity of the Hawaiian Islands, exam-

and the June peak, occurred approximately one ination of the vertical temperature gradient below

month later. the mixed surface layer suggests that the stability

During the autumn and winter months from remains relativety constant throughout the ye&T.

October 1955 to March 1958, the dual dips in the Significant changes ui the vertical diffusion are

heating curve are as apparent as in figure 22C. therefore unlikely, even though diffusion may not

They reflect the cold advection peaks of No- be negligible in heat budget considerations. The

vember-December and Januarj'-February, and calculated heat losses from the sea surface (evapo-

in each case deviate from the mean Koko Head ration, back radiation, and conduction of sensible

curve. heat) seasonally vary bj' about 5 percent. On a

Thus, certain changes in the surface temperature year-to-year basis, then, the variation of these heat

can be interpreted in terms of physical processes. losses would probably be less than 5 percent.

Figure 26 also shows that deviations from the Remaming is the incident radiation at the sea

mean characteristic heating curve can be large, surface which, due to cloud cover, can vary con-

exhibiting features which can be found in the siderably. Maxuuum deviations in the charac-

characteristic curves of adjacent areas. teristic heating curve due to this cause would occur

Before closing the discussion on heat advection, during Ma}', June, and July, when insolation is at

the vahdity of the results will be examined. a maxmimn and the depth of niLxed layer is at a

Although shapes of curves and times of advection minimum. To estimate reasonable deviations,

peaks and dips in the rate of change of tempera- assume that the year-to-year variation in the mean

ture were stressed, it is useful to review the monthlj- cloud cover is less than the seasonal range

magnitude of advection encountered. In the of one tenth. On this basis, deviations of less than

previous section displacement velocities of up to 0.2° C. mos.~' in June and less than 0.1° C mos.~'

one knot were calculated, which seem high for in December can be expected.

the mean conditions discussed here. However, Deviations from the mean characteristic heating

on the basis of the assumption used in the deriva- curves in figure 26, which were interpreted in tenns

lion of the simplified heat budget, higli advection ^^ advective changes, were as follows:

values are to be expected. First, it is probable
that the actual depth through which heat is dis-

jAp''" ^^^^

+
Jjp° C '„"or-'''

tributed, or the "effective" mixed layer, is greater ivw-mb^TlOSS-January 1956."//- +0.S° C. mos/'
than the measured mixed layer so that the com- March-April 1956 -0.3° C. mos.-'

puted heat exchange in terms of temperature Septumbor 1956 +0.2° C. mos.-'



404 FISHERY BULLETIN OF THE FISH AND "WILDLIFE SERVICE

October 1956 +0.35° C. mos.-i June-July 1958 +0.3° C. mos.-'

November-December 1956 —0.2° C. mos."' November-December 1958 — 0.45° C. mos. ~'

January-February 1957 -0.5° C. mos.-
^j^^^^ ^^^ ^^ ^ ^^^^^^ ^^ ^^ ^^ ^^ expectedJune 1957 +0.4 C mos. - , , . . . .

Novembei-December 1957 -0.7° C. mos.-' irom the assumed year-to-year variations in the

April-May 1958 +0.4° C. mos."' net heat exchange.

PART III. OCEANOGRAPHIC CLIMATE OF THE HAWAIIAN ISLANDS REGION

In the first section of this atlas, the distribution

of surface variables and their gross seasonal

changes in an area bounded by 10° N., 30° N.,

150° W., and 180°, were described. These con-

sisted of surface temperatures, salinities, depths of

the mixed layer, and dynamic heights. In the

second section, the changes of surface variables

were studied in terms of physical processes, such

as the net heat exchange across the sea surface and

advection.

In this final section, an attempt wiU be made
to use the results of the fu'st two sections to con-

struct a climatic model of the Hawaiian region.

This, of necessity, will only be a first approxima-

tion, since none of the data used here were col-

lected for purposes of a climatic study. This first

approxmiation, however, may be of use in design-

mg experiments to correct and improve the cli-

matic model.

The currents and water masses of the North
Pacific were described by Sverdrup et al. (1942,

ch. XV). They defined the Subarctic Pacific

water mass, the Eastern and the Western North
Pacific Central water mass, and the Pacific Equa-
torial water mass on the basis of temperature-

salinity relations below the surface layer. Ap-
proxhnately associated with these subsurface water

masses one also finds surface water types. These

are the Subarctic Pacific Water type, the North
Pacific Central Water type, and the North Pacific

Equatorial Water type as illustrated in figure 27.

On the basis of Schott's (1935) temperature and

salinity charts, the Subarctic Pacific type would be

cold and have a salinity of 33°/oo or less, the

North Pacific Central type would be warm and
have 35%o or more, and the North Pacific Equa-
torial type would be warm and have about 34%o
or less. The chief distinction between water types
and masses is that the former are under the direct

influence of the physical processes taking place at

the sea surface, whereas the latter are not. One
would therefore expect relatively large seasonal

Figure 27.—A schematic chart showing the major North Pacific water types and currents.
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temperature and salinity changes in the surface

water types. The position of their boundaries

would also be subject to changing wind stresses, so

that they would not always coincide with the

corresponding water-mass boundaries.

The water tj-pes mentioned also form centers of

the large circulation systems of the North Pacific,

since one finds the major ocean currents on their

periphery. Thus, the currents are located in the

transition zones between the principal water types

and one would expect this to be reflected in the

changing composition of the water as it flows across

the Pacific. For example, a parcel of water start-

ing in the Kuroshio would be mixed with water

from the Oyashio and then in its passage across

the Pacific acquire new chemical characteristics

during possibly two or three seasons of winter

overturn. Then, this parcel of water would be

further modified, first in the California Current by
American coastal water and later, in the Cali-

fornia Current Extension, by North Pacific Equa-
torial water. Finally, southeast of the Hawaiian

Islands, one would expect its chemical composi-
tion to differ from both its original composition in

the Kuroshio and from that of the North Pacific

Central Water.

This, of course, is supposition, since no support-

ing measurements of chemical tracers are available.

However, the relatively high salinity gradient at

35°/oo in the vicinity of the Hawaiian Islands

(fig. 10) can be interpreted as the boimdary be-

tween the Western North Pacific Water and the

transition water called here the California Cui'rent

Extension.

The oceanographic environment of the Hawai-

ian Islands, therefore, corresponds with that de-

scribed by Sverdrup et al. (1942), except that they
based their analysis on a study of water masses,

in contrast to the water types considered here.

Thus, on the basis of Schott's (1935) temperature

charts, the North Pacific Equatorial water type is

distinct from the South Pacific Equatorial type.

Sverdrup et al. also distinguish between the

Eastern North Pacific and the Western North

Pacific Central water mass. Surface salinity data

for the November to February period (chart III)

show only a single high salinity cell to extend east-

ward across the northern portion of the region and,

on the basis of winter data collected on Hugh M.
Smith cruise 25 (McGary, 1956), there is no evi-

dence of an Eastern North Pacific cell. The

April to August surface salinities (chart III) show
two high salinity cells in the northern portion of

the area. This can be explained as a separation
of the single, winter cell caused by the deflecting
effect of the island chain on a westward setting
current. The surface water in tlie two high sa-

linity cells is therefore believed to be of the North
Pacific Central ty^pe.

New information to be added to this general

picture is concerned with the three tj-pes of

boundaries described in part I. First, there was
the boundar}' separating areas in which the times

of maximum and minimum depths of mixed layer
differed (fig. 3). This is also coincided with the

node at 15° N. (fig. 2) and the associated, seasonal

displacement of the depth of niLxed la^^er trough

(chart I). Then there was a boundarj' at about

18° N. south of which the seasonal temperature

range remained relatively constant and north of

which it increased rapidly northward (fig. 5).

The relatively high salinity gradient of figure 10,

moving seasonally through the Hawaiian Islands,

was identified as the third type of boundary

separating two types of water.

In order to interpret these features, a simplified

heat budget was formulated in part II. This

related the rate of change of surface temperature
with the processes of net heat exchange across

the sea surface and advection. The meridional

profiles of figures 17 and 18 revealed a boundary
south of which the net heat exchange across the

sea surface was positive throughout the }'ear and

north of which it was positive during the summer
and negative during the winter. The boundary,
located at about 18° N., coincided approximately
with the temperature boundarj'. The meridional

distribution of the net heat exchange across the

sea surface therefore appears to be associated with

the seasonal changes in the meridional tempera-

ture distribution described in part I.

On the basis of the net heat exchange (fig. 15),

one would also expect ma.ximum and minimum sea

surface temperatures to be reached in November

and April, respectively. Figure 7 shows that the

maximum temperature at 20° N. is reached in

September and the minimum in March, illustrating

that these times are primarily determined b}' the

net heat exchange across the sea surface. How-

ever, particularly in autumn, there is an important

phase difference attributable to advection.
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Since no direct measurements of this term were

available, it was estimated by subtracting the

rate of change of surface temperature from the

rate of change of temperature caused by the net

heat exchange across the sea surface. The advec-

tion can also be obtained graphically by measuring
the difference between the seasonal rate of change
of the temperature curve and the seasonal heat

exchange curve, as in the advection diagrams of

figure 22. This method was applied to three-

degree square areas in the Hawaii region and

revealed four distinct advection periods. The
first period during March and April was one of low

or warm advection and the others were periods of

cold advection during June-July, October-No-

vember, and December-January.
The advection diagrams also suggested different

climatic zones. In the northwest portion of the

region, area A of chart V, the primary advection

peak occurs during June-July and a secondary

peak during December-January. In the south-

east portion of the survey region, area B of chart

V, the primary advection peak occurs during
October-November and the June-July and De-

cember-January periods are absent. In the

intermediate areas the diagrams of chart V exhibit

varying magnitudes of these advection peaks,
which suggest a transition from one to the other

climatic zones. Area B also corresponds approxi-

mately with the area south of the depth of mixed

layer boundary in which the times of maximum
and minimum depths differed from those to the

north. Thus, the depth of mixed layer boundary
and the advection peaks appear to be closely
associated with seasonal changes in water motion.

In order to illustrate the phj'sical meaning of

heat advection, the change of temperature caused

by advection can be added to the temperature
at the beginning of the month in order to obtain

the "intrinsic" temperature at the end of the

month. If the two temperatiu-e distributions are

then plotted on the same chart, the displacements
of isotherms are then equivalent to boundary
movements, as shown in chart VI, for the four

advection periods in the Hawaii region. Of

particular importance are the June-July and
October-November charts, since the independently
observed salinity changes mentioned above both

support and supplement the information obtained
from heat budget considerations. Fu-st, within the

island area, the June-July advection period coin-

cides with the northward motion of the salinity

boundary and the declining salinity which reaches

a minimum in July. Later, the October-November
heat advection period coincides with the south-

ward retreating salinity boundary and increasing

salinity within the islands. In addition, the

October-November advection peak in the south-

east portion of the survey region coincides with

the rapid salinity decline at 13° N. The salinity

decline at 21° N. and at 13° N. can only be

explained by salt advection, since, at 21° N.,

evaporation mmus precipitation is positive

throughout the year and increasingly positive

at 13° N. during November (fig. 19).

The displacement of the 26° C. "intrmsic"

isotherm and the spring and autumn movement
of the salinity boundaries as mdicated bj^ the

35 °/oo and 34 °/oo isopleths are illustrated in

figure 28. The June-July displacements (fig.

28A) are best explained by an intensified westward

component of flow between 15° and 25° N. The
October-November displacements (fig. 28B) are

best explained by an intensified southward com-

ponent of flow m the northern half of the region,

and an intensified westward component of flow

in the southeastern portion.

It is now apparent that the trough of low advec-

tion during the cold advection period in figure 23A
is associated with the transition zone between two

clunatic regions. In addition, one can postulate

that the trough coincides with the core of the

California Current Extension and that the areas

of high advection on both sides of the trough are

the areas of the seasonally moving current bound-

aries. The latter can also be expressed as the

areas through which the boundaries of the season-

ally dilating and contracting North Pacific

Central and North Pacific Equatorial sj^stems

move.

The surface temperature distribution and its

seasonal changes primarily reflect the seasonal

changes m the heat exchange across the sea

surface. Features in the temperature distribu-

tion which may be due to the surface circulation

are therefore obscured, except for the tongue-

shaped area of lower temperature protruding

westward south of the islands durmg the summer
months (chart II), reflecting the increased west-

ward flow.

The surface salmity distribution, on the other

hand, appears to be more closely related to the
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Figure 28.— Advection charts: A. Displacement of the

June-July 26° C. "intrinsic" isotherm and schematic

spring displacement of the 35°/oo isopleth. B. Displace-

ment of the October-November 26° C. "intrinsic"

isotherm and schematic autumn displacement of the

35°/oo and 34°/oo isopleths.

circulation systems. This can be explained by
the fact that since the Hawaii region is neither

one of extreme evaporation nor precipitation, the

surface salinity is aflfected less by evaporation

miims precipitation than the temperature is by the

heat exchange. In other words, in the Hawaii

region the surface salinity is less "non-conserva-

tive" than the temperature. The salinity bound-

ary passing seasonally through the islands is

therefore not obsciu'ed by the events at the sea

surface, which is the case with an "intrinsic"

temperature boundary that would exist between

the Western North Pacific water and the California

Current Extension. Of course, faint traces of a

temperature boundary similar to the salinity

boundary were noted in the zonal temperature

distribution (fig. 6).

The seasonal variations in the heat advection

appear to be closely related to climatic features in

the distribution of the surface depth of mixed

layer which probably reflect changes in the wind

stresses at the sea surface. Advective peaks also

coincide with clumges in salinit}* which must be

attributed to salt advection. The temperature
and salinity gradients, however, differ both in

magnitude and direction, so that one would not

expect isopleths of salinity to move in the same

direction as the isotherms (fig. 28).

It is now possible to add seasonal, climatic

changes to the circulation model which was

schematically illustrated in figure 27. During

spring and early summer, the California Current

system intensifies and as a result the California

Current Extension spreads and displaces the

North Pacific Central water within the Hawaiian

Islands. The peak displacement of this water,

as illustrated by the 35°/oo isopleth in figure

8, is reached during July and coincides with

the June-July heat advection peak. In late sum-

juer and early autumn, as the California Current

system weakens, the transition type of water of

the California Current Extension retreats and is

again replaced by the higher salinity North Pa-

cific Central type of water. This movement of

the boundary between the two types of water is

associated with the October-November head ad-

vection peak. Concurrently with the weakening
of the Cahfornia Current system. North Pacific

Equatorial water spreads into the southeast por-

tion of the survey region, as reflected both in the

sharp salinity decline and the major October-

November heat advection peak for that area.

During this period the surface temperatm-e

charts also show a counterclockwise rotation of

the tongue-shaped lower temperature water south

of the islands from the July position to the No-

vember position (chart II). In addition, there is

an appearent southward displacement of the depth

of the mixed layer boundary in the western por-

tion of the region. Those features can be inter-

preted to mean that, as the CaUfornia Current

Extension weakens, its recirculation into the

Countcrcurrent shifts from west of 175° W. to

between 160° and 170° W.
In the Hawaii region the February to April

period appears to be one of relaxation. In the

northern half, the parallel structure of isotherms

probably reflects negligible net current motion, as
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is also indicated in the winter geostrophic current

chart (chart IV). In the southern half, the flow

is probably parallel to the isotherms.

The picture, therefore, is one of dilation and

contraction of the North Pacific Central and the

North Pacific Equatorial systems associated with

the seasonal variation in the intensity and position

of the surface currents.

This model can be monitored by means of a

"characteristic heating curve," which is produced

simply by plotting the rate of change of surface

temperature at any given location. The curve

for Koko Head, Oahu (fig. 20) showed, for ex-

ample, that in 1955 the North Pacific Central

system near Hawaii was displaced northward, and

in 1957 southward. Varied magnitudes and dis-

placements in the characteristic fluctuations of

the curve reflected changes both in the intensity

and time of the advection periods.

Retm-ning to the original motivation for this

climatic study, one finds that the Hawaii skipjack
season coincides with the period from April or

May to September or October, when the boundary
of the North Pacific Central types of water passes
Oahu in its northward and southward motion, re-

spectively. This may mean that the availability

of skipjack is associated with either the transition

water of the California Current Extension and (or)

a dynamic effect which is produced when this

current enters the island area.

In conclusion, Goshne and Brock (1960:21)
state that none of the Hawaii inshore fishes have

come from the North American coast. This pro-
vides independent support for the climatic model

according to which the Hawaii archipelago is

predominantly bathed by North Pacific Central

water.
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APPENDIX A

SOURCE OF DATA

The data used in the Atlas were primarily col-

lected during the years from World War II to 1957

in the area bounded by 10° N., 30° N., 150° W.
and 180°.

The surface temperatures and depths of mixed

layer were obtamed from the bathythermograph
deck at the Scripps Institution of Oceanography

tlirough the kind cooperation of Mrs. Margaret
Robinson. The deck contained between 10,000

and 1 1,000 cards from bathythermograph observa-

tions made through 1955 by the staff of the

Biological Laboratory, U.S. Bureau of Commercial

Fisheries (Honolulu), the Scripps Institution of

Oceanograph}-, the U.S. Coast Guard, and the

U.S. Navy. These data were supplemented by
additional observations of the Honolulu Biological

Laboratory tlirough 1957.

Surface salinities were obtained from published

oceanographic cruise reports, supplemented by

unpublished data from the files of the Honolulu

Biological Laboratory.
The d^Tiamic topography, chart IV, was drawn

from published data by Austin (1954, 1957),

Bruneau et al. (1953), Cromwell (1951), Cromwell

and Austin (1954), Fleming et al. (1945),

Holtsmark (1949), McGary (1955), McGary and

Stroup (1956), Oceanographic Observations of the

Pacific: 1955 (1960), Seckel (1955), and Stroup

(1954). In addition, there were some unpublished
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data from the files of the Scripps Institution of

Oceanography which are scheduled for publication

in Oceanic Observations of the Pacific.

TREATMENT OF DATA

Charts I and II, the distribution of the depth of

the mixed layer and the surface temperature were

all based on bathythermograph observations which

were read and tabulated by 1° squares. These

data were then averaged for each month of each

year. Since in the Hawaiian region meridional

gradients are generally greater than zonal gradi-

ents, the averaged data were plotted for each

month in the ten meridional strips: 150° to 152°

W., 153° to 155° W., 156° to 158° W., 159° to

161° W., 162° to 164° W., 165° to 167° W., 168° to

170° W., 171° to 173° W., 174° to 176° W., and

177° to 179° W. Needless to say, data for various

months in different areas were missing or biased

toward a single year. These difficulties were in

part overcome by interpolation from seasonal

curves and from comparisons with adjacent

meridional distribution. The meridional surface

temperature and depth of mixed layer profiles were

then used to draw the monthly charts, where

smoothing was done only after re-examination of

the data.

Scarcity of salinity and dynamic height data

prevented construction of monthly or quarterly

charts. In grouping the data for the construction

of two charts, a compromise between months of

maximum observations and months of oceano-

graphic significance had to be made. By "group-

ing data" is meant plotting all the observations for

a period of months onto a single chart and then

drawing contours through the mean values.

The number of salinity observations were rela-

tively high durmg June to September and during

January to March and predominated in the eastern

portion of the region. On the basis of the

seasonal salinity variation, the April to August
data and the November to February data were

grouped to draw chart III, representing the low

and high salmity period near Hawaii, respectively.

This grouping of months does not quite correspond
with the maximum occurrence of data, nor, as is

apparent from the salinity discussion in Part I, is

it in phase with the high or low salinity north of

15° N. generally, or the extremes in the southeast

portion of the region.

Significant grouping of the d;\aiamic height

data, which were collected predominantly during
June to August and January to March, was more

difficult. In the estimation of geostrophic cur-

rents, gradients rather than the absolute magni-
tudes of geopotentials are of importance. This

makes grouping of several months' data, collected

during a number of years, questionable. In

addition, the dynamically significant periods as

reflected in the geopotential topography are not

known and may not correspond with any or all

of the advective periods discussed in the atlas.

Despite these shortcomings, the data from Decem-

ber to April and June to October were grouped to

draw chart IV. These, therefore, roughly bracket

the period of low advection during the winter and

high advection during the summer months.
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APPENDIX B

150"

175° 170° 165° 160° 155*

Chart I.— Distribution of the depth of mixed layer feet.

ISO"
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150*

180' 175° 170' 165° 160° 155°

Chart I.—Distribution of depth of mixed layer (feet)
—Continued.

150°
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30°

150°

180° 175° 170° 165° 160° 155°

Chart I.— Distribution of depth of mixed layer (feet)
—Continued.

150°



414 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

30°

150°

180° 175° 170° 165° 160° 155°

Chart I.— Distribution of depth of mixed layer (feet)
—Continued.
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Chart I.— Distribution of depth of mixed layer (feet)—Continued.
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ISO*

175' I70» 165* 160* 155° 150*

Chart I.—Distribution bf depth of mixed layer (feet)
—Continued.
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30°

150'

30»

180' 175° 170° 165° 160° 155°

Chart II.— Distribution of surface temperature (° F.)

150°
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30»r

180° 175° 170° 165° 160° 155°

Chart II.— Distribution of surface temperature (° V.)
— Continued.

150°
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180' 175° 170° 165° 160° 155°

Chart II.— Distribution of surface temperature (° V.)—Continued.

150°
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30V

150°

180* I75' 170° 165° 160° 155° 150°

Chart II.—Distribution of surface temperature C° F.)
—Continued.
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30*

I75* 170° 165° 160° 155°

Chart II.— Distribution of surface temperature (° F.)—Continued.
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30°

180° 175° 170° 165° 160° 155°

Chart II.— Distribution of surface temperature (° F.)
—Continued.

150°
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I50»

175° 170° 165* 160° I55»

Chart III.— Distribution of surface salinity (parts per thousand).

I5CC
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180° 175° 170° 165° 160° 155° 150°

Chart IV.—The surface dynamic topography (in dynamic meters relative to 1,000 M.)-
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150°

175° 170° 165° 160°

Chart VI.—Heat advection chart (° C.)
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ABSTRACT

Early maturing fish that have spent only one year in the ocean are common in the

spawning escapements of Columbia River blueback salmon (Oncorhynchus nerka),

particularly in the Okanogan tributary. The unusually high incidence of these 1-year-
ocean fish in 1953, however, led to a study to determine the average fecundity of the

ocean-age groups composing the runs, and to assess the effect of varying age and sex

composition on estimates of reproductive potential.
A fecundity stvidy in 1957-59 revealed that the average egg content of 1-year-

ocean females was approximately one-third less than that of 2-year-ocean females.

The average egg content of 3-year-ocean females was, in turn, about one-fourth greater
than that of 2-year-ocean females.

Analysis of the age group fecundity and sex ratio data showed that the number
of spawners or even female spawners does not always accurately portray the repro-
ductive potential of an escapement. Erroneous reproduction estimates seriously
distort escapement-return relationships.



INFLUENCE OF EARLY MATURING FEMALES ON REPRODUCTIVE PO-
TENTIAL OF COLUMBIA RIVER BLUEBACK SALMON (Oncorhynchus nerka)

By Richard L. Major and Donovan R. Craddock

Fishery Research Biologists, Bureau of Commercial Fisheries

Isolating the causes of variability in escapement-
ret urn relationships is among the most urgent

problems in the biology and management of the

Pacific salmons (Oncorhynchus spp.)- Of primary
concern are the causes of low numbers of fish in

the returns. The fresh-water environment is

widely thought to be more important than the

nuirine environment in contributing to these

subnormal returns.

Age and sex composition of the parent escape-
ment are among the factors of recognized im-

portance. For example, an escapement of normal

size, but one containing females that are relatively

few in number or small in size (young-ocean-age)
will bring to the spawning ground a subnormal

number of eggs. Hence, with all other factors

affecting the return being similar, this escapement
would produce a smaller return than would an

escapement of fish normal in size, age, and sex

composition.

Sahnon runs to manj- Pacific coast streams

contain small fish commonly called "jacks," that

have matured after an ocean life shorter than

normal for the species and the area. The occur-

rence of these precocious fish in the runs of Colum-
bia River blueback salmon {Oncorhynchus nerka),

known also as sockeye or red salmon, is unusual

in three respects. First, they are relatively more
abundant here than in most other systems, a

feature compounded in the escapement because

tile gill net fishery below Bonneville Dam (fig. 1)

is selective for larger fish. Second, they spawn
mostly in a single tributary, the Okanogan River,

although we occasionally observe individuals in

the Wenatchce River system, the other major
blueback spawning area in the Columbia River

watershed. Finally, precocious blueback salmon

(age 32's)'in the Okanogan River escapomenis con-

tain a relatively high proportion of females.'

Note.—Approved for publication May 12, 1961. Fishery Bulletin 194.

The high incidence of 1-year-ocean fish in the

escapement of 1953 attracted wide attention. In

that year, 52,182 small blueback were counted

passing over Rock Island Dam on the main Co-

lumbia; this was 34 percent of tlie total count of

151,747 (table 1). Escapement to the Wenatchee

River system reportedly contained few if any 32's

in 1953.'

The Columbia River blueback runs include fish

that mature at ages 3, 4, and 5 years. Altliough

exact age-composition data are lacking, age 4 fisii

are known to dominate the runs. As a result, the

relatively low return in 1957 revived interest in

the 1953 escapement. Furthermore, examination

of the escapement-return data (table 2) reveals

that this cycle is one of only 2 out of 18 cycles

observed, in which the return failed to exceed its

parent escapement (1940 and 1953 escapements).

Efforts to explain low returns are ordinarily di-

rected toward the isolation of one or more abnor-

mal conditions which adversely affected production
or survival of the progeny in^ fresh water. Among
the factors of potential importance are: (1) un-

balanced age and sex composition of the parent

stock, (2) unfavorable environmental conditions

during the early life history* of the young fish and

(3) mortalities connected with seaward migration.

' This method of designating the age of salmon, developed by Gilbert and
Rich (1927), is described by Nelson (1959):

A fish resulting from an egg laid in the spawning gravels in 1950 and that

migrated to the ocean in 1952 and returned in 1955 is called a five-two and

designated thus. 5?. Such a fish would have emerged from the gravels of the

spawning beds in the spring of 1951 and would have spent 1 grow ing season or

summer in fresh water. In referring to its fresh-water history it is called a two-

fresh-water fish, because it migrated seaward in its second year. It would
have spent 3 full growing seasons, i.e., 1962, 1953, and 1954, and part of a

fourth year in the ocean; but in referring to its ocean history it is calletl a

three-ocean fish, because it returned as an adult in the third year following its

seaward migration. .\ flsli that migrated to the ocean in its third year and

returned in its sixth is called a six-three and is designated 63.

' Personnel communication with Leonard A. Fulton, then project leader
of the Columbia River hhiebaciv salmon studies, now with the L'.S. Fish
and Wildlife Service. Washington. D.C, and .\Ured C. Oastineau, manager,
Leavenworth Xational Fish Hatchery, Leavenworth, Wash.

429
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Osoyoos Lake

Zosel 0am

Figure 1.—The Columbia River and the major blueback salmon spawning areas and the locations of the dams important
to this study.
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Table 1.—Incidence of small ($2) blueback in the Columbia
River since 1!)45

'
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nearest hundredth gram. Eggs were weighed and

enumerated from cross-sectional samples from

each ovary combined to approxinuite 10 percent

of the total egg weight. Total egg count was

then computed on a proportional weight-count

basis, with tlie assumption tliat the sample was

representative of the entire ovary.

Spawning Ground Surveys

Spawning grounds of the Okanogan River have

been surveyed each year since 1947, except 1950.

Gangmark and Fulton (1952) describe the method

used to estimate the size of spawning populations.

Estimates of age and sex composition, com-

puted for the years 1953 and 1956 through 1959,

are based on standarcUzed collections of fresh

dead fish, which were picked up in proportion to

their availability at intervals throughout the

entire period when spawners are dying.

The sampling methods described herein are

not rigorous from a statistical viewpoint. Yet we

believe them to be adequate for purposes of this

report, which represents the difficult transition

from the qualitative to quantitative stages of

investigation. Under appropriate headings of the

next section are discussed certain preliminarj'

tests which are pertinent to the sampling and to

the data tliereby derived.

RESULTS
Age Group Fecundity

In the previous section we indicate that because

the catch contains 42's from both the Wenatchee

and Okanogan populations, we can merely assume

that mean fecundity estimates derived from this

source are representative of the Okanogan popula-

tion. The assumption is supported by the fol-

lowing test:

We hypothesize that no fecundity difference

exists between the 42's of the two river systems.

Comparison of the 1957 sample-means of 16

Okanogan and 17 Wenatchee fish by t-test reveals

no significant difference at the 5 percent level

(t=0.15 with 15 d.f.). On the basis of this

evidence the hypothesis is not rejected, and, with

reasonable assurance that it holds, we assume tliat

the fecundity difference is not large and that

estimates derived from the catch will accurately

represent either area.

To determine whether a bias exists in oui-

method of estimating the mean egg content of

individual fisli, we used a t-test to compare the

actual and estimated mean egg content of a

randondy selected subsample of 21 fish (table 3).

The average difference between the actual and

estimated means is 40 eggs, the standard error of

the mean, 27 eggs. Although it appears that we

are overestimating, tlie dift'erence is not significant

at the 5 percent level (t=1.49 with 20 d.f.).

The results of the fecundity study are shown in

table 4 and figure 2. Of the statistics shown, the

mean and range figures provide the basis for age

group comparison, and the standard deviation

and tlie standard error of the mean are presented

merely as points of additional interest. Differ-

ences between the numbers of fish reported in

table 4 or figure 2 and those reported in the original

sample are due to the omission of aberrant speci-

mens (2 females, 1 each in 1957 and 1959, had but

a single ovary) and tliose fish whose ages were

indeterminable because of scale erosion.

Examination of table 4 or figure 2 discloses

that the egg content of individual fish witiiin an

age group sample varied by as much as 2,749

eggs. Little between-year variation is evident for

the means of a single group. Tlie variation be-

tween the means of the 42's and the 53's, different

age groups having similar ocean age, is also small.

Table 3.—Estimated and actual egg counts of a randomly
selected subsample, 1957-59

Fish No.



FEMALE SALMON (0. ncrlM) OF THE COLUMBIA RIVER 433

1957

Okonogan (32's) N = 7

Okonogon (4 2's) N =16

Wenotchee (42's) '^ = 1'^

Wenotchee (Sjig) N= 6

Both Rivers (42's) N= 33

I I Range
I I Stondord Deviation

^i Mean a Standard error of mean

mean minus stondard deviaticn = 2,271
lowest observed voiue =2,328

nz D

All samples
from

commercial
cof ch

1958

(32's)

(42's)

(53's)

(52's)

N= 9

N = 30

N = 7

N = 10

r

nm

1959

Rock Is. Dom (32's) ^- '0

Comnierciol (4 ) ^ = 22
Catch ^ ^

Composite of All Years

^2'S N = 26

(42's) N = 85

(53's) N= 13

(52's) N = 13

czn

2C 3
_i_

NUMBER OF EGGS 1500 2000 2500 3000 3500 4000 4500

Fic.uRE 2.—Fecundity statistics of the blueback .salmon ago group samples.

Table 4.—Fecundity statistics of the age-group samples of Columbia River blueback salmon 1957-59

Sample
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We recognize that such comparisons are less sensi-

tive than comparison by analysis of covariance

but feel, nevertheless, that the means, usually

derived from stratified samples, fairly represent

the age groups.

Effect of Age Group Fecundity and Sex Ratio on Egg
Potential

Our second specific objective is to assess the

effect of age and sex composition on the egg

potential of Okanogan River spawning escape-

ments. Using the estimated age and sex com-

position (table 5)
' and the age group fecundity

information, we have calculated the egg potential

of the Okanogan River spawning escapements of

1953 and 1956 through 1959 in three ways:

Estimate (A) is based on the number of fish in the

escapement and on the assumptions of an even sex ratio

and a mean fecundity of 3,000 eggs per female.

Estimate (B) is based on the number of females in the

escapement and on the assumption of 3,000 eggs per
female.

Estimate (C) is based on the number of females in each

age group and the mean fecundity of the age groups

present.

It is clearly evident from the results (table 6)

that the effect of age and sex composition on tlie

egg potential of the Okanogan River blueback

spawning escapements varies widely from year to

year. In 1957 and 1959 the individual variables

offset one another and resulted in little over-all

change in estimated egg potential. In sharp con-

trast, the combined influence of the two factors

3 Because the 32's are rarely found in streams other than the Olcanogan.

we believe that the discrepancies between the number of small fish (32's)

counted at Rock Island Dam (table 1) and the 32's in the estimated Okano-

gan population (table 5) are due to (1) errors in the spawning ground esti-

mates, (2) errors in the large-small breakdown at Rock Island Dam, and

(3) mortalities that occur between the two sites.

reduced the estimated egg potential by 43, 24,

and 60 percent in 1953, 1956, and 1958,

respectively.
When we consider the variables separately to

determine tlieir relative importance we see that

sex ratio was the most important factor in 1956,

1958, and 1959, whereas age group fecundity was

the greater source of error in 1953 and 1957.

To illustrate the combined effect of sex ratio

and age group fecimdity on egg potential and

ultimately on escapement-return relationships,

let us compare from table 6 the three measures of

egg potential for the years 1957 and 1958. Using
estimate (A), we note that the egg potential in

1958 was 1.24 times as large as that of 1957.

From these data we might expect the return from

the 1958 brood to be 1.24 times as great as the

return from the 1957 brood, all other factors

affecting the return being similar.

Correcting for the numbers of female spawners
in each age group and the mean fecundity for each

age group (estimate C), we note that the egg

potential in 1958 is only about one-half the egg

potential in 1957. Other factors affecting the

return being similar, we might expect that the

return from tlie 1958 escapement would be only

one-half as large rather than 1.24 times as large

as the return from the 1957 escapement.

By the same reasoning, we would expect that

the 1953 escapement would produce a return only

one-half as large as would an escapement of the

same size, but normal with respect to age and sex

composition.

We full\ realize that the escapement-return

relationship of 1953-57 would have been poor

Table 5.—Estimates of the age and sex composition of the Okanogan River blueback spaivning populations 1953, 1956-59
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Tablk 6.—Estimated egg potential of Okanogan blueback
salmon escapement itsing three methods of estimation, 1953
and l'J56-59

[In millions of eggs]

Year
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(Washington Department of Fisheries, 1959).

The cross that involved the 2-year-old male pro-

duced a significantly larger number (168) of

2-year-old fish than did the cross that involved

the 3-year-old male (79).

Ricker ^

using Adams River, B.C. (Canada)

data, found that "observed differences between

broods, in age of males at maturit}' is strongly in-

fluenced by the age of their fathers."

Certain evidence, on the other hand, seems to

minimize the role of genetics in the recurrence of

precocious blueback salmon: (1) the lack of a sig-

nificant correlation between the 1-year-ocean blue-

backs of year n and those of year n4-3; (2) the

scarcity of these small fish in the Wenatchee sys-
tem. In 1939-43, the years of the Grand Coulee

Relocation Program, blueback salmon were inter-

cepted at Rock Island Dam and transported to

Lakes Osoyoos and Wenatchee (Fish and Hana-

van, 1948). Although exact data are lacking,

generally as many small l-j^ear-ocean fish were

placed in the Wenatchee as in the Okanogan sys-
tem. Were the recurrence of 32's entirely genetic,
we could normally expect a continuation of the

strain in each system. The absence of 1-year-
ocean fish in the Wenatchee runs suggests that

the conditions in that sj'stem simply did not

lend themselves to the production of 1 -year-ocean
fish. This aspect of the problem is clouded, how-

ever, by the lack of knowledge concerning the

kokanee-blueback '

relationship.
Another question concerned with the function

of the 32's as a safety-factor is that of the relative

survival of eggs and progeny resulting from small

females. The ability of the small females to bury
the eggs deep enough to protect them from

physical rigors is also subject to speculation.

CONCLUSIONS

Fenude Columbia River blueback salmon that

spawn after spending only one year in the ocean
contain rouglily one-third fewer eggs than normal

2-year-ocean fenuxles.

s Ricker, W. E. Evidence for environmental and genetic influence on
certain characters wiiicti distinguish stoclts of the Pacific salmons and steel-

head trout. Fisheries Research Board of Canada, Nanaimo, B.C. Un-
published manuscript, law.

' Individuals of the species that complete their entire life cycle in fresh

Escapements to the Okanogan spawning tribu-

tary exhibit wide annual fluctuations in age and

sex composition. Abnormal numbers of 1-year-

ocean females can greatly reduce the egg potential

of a particular escapement and, in turn, distort

the escapement-return relationship involving that

brood.

The unusually high incidence of 1-year-ocean
fish in tlie 1953 Okanogan escapement reduced

the egg potential to about one-half that expected
of an escapement similar in size but normal in

age and sex composition. It appears this initiid

overestimation of egg potential may have ac-

centuated the relatively poor riverwide escape-

ment-return relationship of 1953-57.

Although the 1-year-ocean fish have a lower

fecundity and contribute little directly to the

commercial fishery as it is now conducted, they I

may, by virtue of their contribution to reproduc-

tion, have a positive value as a safety factor in

the escapement.
Further assessment of the value of 1-year-ocean

fish requires more exact knowledge about (a)

the role of genetics in the recurience of the

32's, (b) the relative survival of eggs deposited

by large and small females, and (c) the relative

viability of progeny produced by 2-year-ocean

parents, 1-year-ocean parents, and combinations

of both.

SUMMARY

Altiiough 1-year-ocean fish are common in

the spawning escapements of the Columbia

River blueback salmon, tlieir contribution to the
j

reproductive capacity of an escapement lias not

previously been assessed.

The need for assessment became evident when

the 1953 Rock Island escapement, whicii contained

unprecedented numbers of l-year-ocean fish, failed

to produce a total run in 1957 that exceeded

itself.

A fecundity study, conducted from 1957-59,

revealed tiiat the 1-year-ocean females contained

33, 26, and 32 percent fewer eggs than the 2-

year-ocean fisli in those years, respectively. The

pooled-means of numbers of eggs per female

were 2,014 for 1-year-ocean fisli and 2,897 for

2-year-ocean fisli.
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Tiiroc iiictliods were used to estimate tlie egg

poteiilial of 19"):^ iiiid 195() throiiiih in')9 ()k;uio<;aii

River escapements. The first metiiod was based

on the assumptions tliat one-half of the estimated

spawners were femah'S and tiiat tlie average egg
content per female was 3,000 eggs. Method 2

iiad as its base the observed number of female

spawners antj an average fecundity of li, ()()(),

The third and most refined metiiod was based

on th(> number of females in each age group and

tlu- average fccimdity of eacli age group.

Comparison of the results of the tiuee methods

siiows that failure to correct for sex ratio and

fecundity when estimating the reproductive ca[)ac-

ity of an escapement can seriously distort llic

iiccuraey of the escapenuMit statistic for use in

escapement-return analyses.

The high incidence of small females in tlie

1953 Rock Island escapement substantially re-

duced the egg potential normally expected of an

escapement of that size. This distortion of the

escapement statistic accentuated the poor escape-
ment-retuin relationship of 1953-57.
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ABSTRACT
The history of age determinations of haddoclv from various areas is discusse<l,

with a r#sum(? of the previous work in New England and adjacent areas. A'arious

methods of xalidation of age determination of liaddock in Xew England waters

are considered and evaluated. It is concluded that scales provide a satisfactory

indication of the age of these fish, particularly for their first 5 years.



DETERMINING AGE OF YOUNG HADDOCK FROM THEIR SCALES

By Albert C. Jensen and John P. Wise, Fishenj Research Biologists

Bureau of Commercial Fisheries

Haddock Melanogra/rmnus aeglefinus (Lin-

naeus) are distributed over tlie continental shelves

of the eastern and western North Atlantic Ocean

and are the basis for large and valuable fisheries

on both sides of the ocean (table 1). In the

United States, an economically important fishery

for the species has existed since 1925, which con-

tributes to the livelihood of many people living in

or near several New England ports, particularly
those of Massachusetts.

Table 1.— U.S. and world laiuliiig.s of haddock, dressed

fresh {FAO 1959)

|In thousands of metric tons]

Year

1953
1954
1955

1956
1967

1958

United
States

63.3
70.3
61.3
69.1
60.6
54.2

World
(including
United
States)

294.3
343.7
396.2
430.8
408.9
371.5

The fish is a member of the cod family, Gadidae,

but is easily distinguished from the cod or any
of the other closely related gadids by the black

slioulder spot and black lateral line. Bigelow
and Schroeder (1953) give a detailed description
of the haddock, its habits and habitats, but a few

key points in its life history are outlined below.

The haddock is a demersal fish and, except for

the spawning period when feeding diminishes,

spends its life moving over the ocean floor in

search of fowl. Spawning takes place near the

bottom from Feliruarj' to May, with the peak of

sjiawning in March and April. After the eggs
are fertilized, they rise and float near the surface

Note,—Approved for publication May 2, 1961 .

letin 195.
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of the sea, drifting with the current. An egg
liatches in about 14 days, and the larva, which is

about 5 millimeters long, continues to drift with

the current.

"When young haddock are about 4 to 5 months

old and 10 to 13 centimeters long, they begin to

descend to the ocean floor, where they will spend
(he rest of their lives.

During their pelagic existence haddock feed

on plankton, but as adults on the bottom (Wigley,

195fi) their food consists largely of slow-moving
invertebrates found on or burrowing in the sub-

stratum. Food items vary according to location

and season, but in general consist of crabs,

shrimps, snails, worms, starfish, sea urchins, sand

dollars, and sea cucumbers. Haddock eat squid

and occasionally feed on fish, mostly sand lance

(Am?nodi/fes), but fishes form only a very small

part of their diet.

Haddock do not grow to the large sizes attained

by cod. They rarely exceed 85 to 90 cm. in length ;

the lai-gest haddock on record is an Icelandic

fish 111 cm. long. Sexual maturity is reached

when the fish are about 40 cm. long and 3 years

old (Clark, 1959).

The New England fishery for haddock is con-

centrated on Georges Bank, one of a series of

fishing banks which lie otf the coast of north-

eastern United States and eastern Canada.

Georges Bank (Schuck, 1951), bounded on three

sides by the 100-fathom isobath, has its center

about 150 miles east of Cape Cotl. The haddock

are fished for by a fleet of otter trawlers, the

majority of which land their catches in Boston,

Mass. The fish are landed in two market cate-

gories, "scrod," weighing between IVi and 21/^

pounds (gutted weight) ;
and ''large," weighing

more than 21/^ pounds (gutted weight).

439
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THE NEED FOR AGE DATA

In 1930, the Bureau of Fisheries (now the

Bureau of Commercial Fisheries, U.S. Fish and
Wildlife Service) began an investigation to

determine (1) what caused the decline of the

haddock fishery in waters fished by U.S. vessels,

(2) what could be done to increase the abundance
of haddock, or at least to prevent further decline

in the catch, and (3) what predictions of future

catches were possible.

To carry out the objectives of the investigation,

large quantities of data have been and still are

collected at important haddock ports (Boston,

Gloucester, and New Bedford, Mass.; Rockland
and Portland, Maine). Collections have been

made routinely at Boston since the early 1930's,

and wei-e started later at the other ports.
The background for the collection of these data

is reported by Rounsefell (1948). The data

include almost complete records of the poundages
landed from the various banks, with records of

depths and locations from which the fish were

taken, the gear used, and the days spent in fishing.
Concurrent with this collection, random samples
of the lengths of fish in the landings and selected

samples of scales were also collected. For our

studies, haddock were measured from the tip of

the snout to the fork of the tail. Alxiut 30,000
fish were measured in 1959 and 3,500 scale samples
were collected from an estimated 24 million had-
dock landed.

The data are analyzed primarily to determine
the fluctuations in haddock abundance. Age
determinations from scale readings are also used
in special studies of the natural and fishing mor-

tality rates, growtii rate, and age composition of
the catch.

To process the mass of biostatistics and to main-
tain a smooth flow of information relating to the

age composition of the fishery, a quick and reliable

method of age determination is needed. Scales
have been used for 20 or more years at this

laboratory. They are easily removed from the
fish and it is possible to measure several hundred
fish and take scale samples in a relatively short
time at the port. The scales are easily processed
in the laboratory; scales from 100 fish, for

example, can be processed and read in about 1

man-day. The purpose of the present paper is

to document the techniques originallv used to

validate the scale-reading method of haddock age
determination and to present later studies of the

usefulness of the method.

PREVIOUS STUDIES

Fisheiy biologists on both sides of the North
Atlantic have for many years determined the ages
of haddock from interpretation of scale markings.
The publications of many of the workers report

age compositions and growth rates but do not

validate the method by which the scale ages were

detennined (cf. Huntsman and Needier, 1927;

Schuck and Arnold, 1951; Wise, 1957; Kohler

and Clark, 1958). Other workers have reported
not only their results but, in addition, have

described their methods of interpreting scale age
detenninations. These papers are of great inter-

est in the present study.
In a study of haddock in Norwegian waters,

Saetersdal (1953) reports that in many investiga-

tions haddock ages have been determined from
scale examinations without testing the validity of

the method. He then proceeds to demonstrate

the validity of age determination methods for the

Norwegian stocks of haddock, using the Petersen

method. He points out that part of the year class

of fish under observation failed to form a scale

annulus in the second year. He also examined

the secular record of the scales, including the time

of annulus formation, and concluded,
"* * * the

zones found in * * * the scales were annual for-

mations in the great majority of the cases."

In North American waters, several workers have

used haddock scales for age determination.

Among them, Needier (1929) used scale readings

to derive growth rates for haddock from Locke-

port, the Sable Island banks, and St. Andrews

(Canada). He states categorically, "The age of

haddock may be determined from the scales." and

cites Thompson (1923) for his validation of had-

dock scale readings. (Thompson had examined

the scales of North Sea haddock and found that

95 percent of the scales gave what he believed to

be the correct age.)

Ill a later study Needier (1930) read haddock

scales for age determination of fish from the Gulf

of Maine and Georges Bank and again cited other

workei-s for his proof of the scale method. He

concluded, "There can be no doubt of the validity
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FiGiRE 1.—Growth curves for Georges Bank haddock.

of the metliod, although inaccuracies are bound
to occur."

In the 1030 report. Needier derived a growth
cune for George,'; Bank haddock, bixsed on scale

readings from 189 fish collected during May-
September 1927. The growth curve is shown in

figure 1, and on it we have indicated age-length
values derived by Schuck and Arnold (1951) and
H. W. Graham's (1952) growth rate. Graham's
(1952) age-length data were taken from Februaiy
1 (completed year) scale readings. Both Xeedler

(1930) and Schuck and Arnold (1951) obtained
their age-length data from mid-year scale read-

ings, thus the length for each age includes addi-
tional growth. Figure 1 indicates that Xeedler,
Schuck and Arnold, and H. W. Graham do not
differ markedly in their age determinations.

Recently, the more specific problems encoun-
tered in aging Georges Bank liaddock have been
studied l)y Jensen and Clark (195S), wlio deter-
mined the time of annulus formation on haddock

scales; Clark (1958), who reported on the consist-

ency with which different scale readers read the
same .scale samples: and Kohler and Clark ( 1958),
who reported comparisons of age determinations
from otoliths and scales from the same sample of
liaddock. These recent studies warrant closer

examination and will be discussed in detail below.

Our haddock biostatisticnl data show that, in

past years more than 80 percent of Georges Bank
haddock are caught by the time they have com-

pleted their fourth year. Furthejinore, we are

more confident about our age detemiinations of

young fish. The annuli are most sharply defined

in the scales of haddock 2, 3, and 4 years old, and
the difference between summer growth and winter

growth is very marked (Jensen and Clark, 1958).
Needier (1930) noted this, too, when he stated:

"In the later years in the life of the haddock, the

annual zones become verj' narrow and the niunber

of circuli in each small. In many of these cases

the age is truly an 'estimation,' whereas the age of

younger individuals can more truly be said to be

'determined.' "

Our own investigations bear this out, and
Kohler and Clark (1958) report no statistically

significant differences between scale and otolith

ages up to about 7 years: after the seventh year,
scale readings are consistently lower than otolith

readings.

VALIDATION OF THE SCALE READING
METHOD

Haddock scales are cycloid and oval to elliptical
in shape (fig. 2). They do not show radii or

transverse grooves, sometimes present on cycloid
.scales from other species. The external surface

is sculptured with concentric circuli arranged
about the focus, but the internal surface is rela-

tively featureless. The focus is usually anterior

to the center of the scale, but occasional scales are

found with the focus at the center. Periods of

rapid and slow growth are indicated by the

spacing of the circuli. In studies of several

species of gadids, including the haddock, J. S.

Thomson (1904) noted that "* * * the growth
of scales is cyclical or periodic, and * * * the

rings formed thereby are annual."

J. S. Thomson considered temperature as a fac-

tor in forming annual rings only as it affects the
food supply. He suggested that the scale circuli

are widely spaced during the period of rapid
growth in the warm season when food is plentiful
and closely spaced during the period of slow

growth in the cold season when food is scarce.

Cutler (1918) believed water temjierature to be
the direct cause of annual ring.s. In an aquarium
study with flounder and plaice, he concluded the

food supply determined the number of circuli.
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START OF
SCALE GROWTH
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Figure 2.—Plastic impression of a scale from a 5-year-old haddock. Five annuli and the accessory annulus

are visible.
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but the water temperatui-e determined the spacing
between circuli. Lee (1020) notes that naiTow

"sclerites" beo^in to form on haddocii scales in

August or earlier, when the water temperature
is increasing. She suggests that at this time the

fish may be migrating into the cooler offshore

watere where the decreased temperature produces
the closely spaced circuli or "winter rings.'"

The role of food and feeding and their effects

on haddock scale zones have not been clearly dem-

onstrated, although some indirect evidence has

been accumulated. Xarrowly spaced circuli

generally form on the scales of Georges Bank
haddock in the period August-A]iril (Jensen and

Clark. 1958). For haddock from Xova Scotia

offsliore banks, Homans and \nadykov (1954)

report Xovember througli May to be a season of

diminished feeding. The period of least feeding
coincided with the spawning period (Febiiiary.

March, and April) while the months of June

tliroujrh October constituted the feeding season.

For Georges Bank haddock. "Wigley (1956) re-

ports that during the spawning period a decline

in feeding, rather than a complete cessation, takes

]ilace. and for the period of annulus fonnation,

the average volume of food per haddock rose

from 1.8 cubic centimeters in September to 3.0

cubic centimeters in January' but was lowest (1.0

cubic cm.) in February. We can see no clearcut

evidence, based on "Wigley's data, that diminished

feeding causes the formation of narrowly spaced
circuli.

There seems no reasonable doubt that widely

spaced circuli are formed in summer and nar-

rowly spaced in winter, whatever the dii'ect cause.

For the pui-pose of this stiuly the point of interest

is that zones are laid <lown on the scales at the

rate of one for each winter and one for each

summer, the two zones making a pattern which

indicates a single year's interaction of the had-

dock and its environment.

Haddock Scale Reading Procedure

The annulus used by us in haddock age de-

terminations is the zone of closely spaced circuli.

It has the following characteristics:

1. It is concentric with the niiirsrin of the scale.

2. It can be trace<l. by careful scrutiny if necessary,

entirely around the scale.

3. It is clearly separated from other such zones and

does not ordinarily meet them at any point.

4. If present, it is on all the normal scales of an

individual.

The scales from scrod haddock are thin and

readily transmit light. Therefore, they are

placed dry on a glass slide and examined under a

binocular microscope with substage illumination.

Large haddock scales are thicker and do not

readily transmit light. To overcome this, large

haddock scales are routinely impressed in plastic

slides as described by Arnold (1951). The im-

pressions are projected with a commercial micro-

projector at a magnification of about -40 X. A
minimum of three scales are examined from each

fish. Regenerated and deformed scales are

discarded.

The nmnber of complete annuli. from the focus

to the posterior edge of the scale, is counted to

determine the age of the fish in years. The annu-

lus is considered complete on February 1 (the

arbitrary '"birthday" of Georges Bank haddock),

selected because most of the haddock commence

spawning in February.
Results from a study of the formation of scale

zones of Georges Bank haddock (Jensen and

Clark, 1958) have shown that one annulus is

formed each year. This was demonstrated by a

predominance of widely spaced circuli at the

scale edge during May-July and a predominance
of nairowly spaced circuli during August-April.
Problems in interpreting scales arise because

of the ambiguity of some annuli. For example,

in a routine sample of scales from 510 Georges
Bank haddock, read by the senior author, only

100 (19.6 percent) had distinct, well-separated

annuli and were considered by him as easy to read.

The fish were 1 to 5 years old and the annuli were

sharply defined. The remaining 80 percent of the

scales required detailed study to determine the

age.

The most freciuent error in scale reading prob-

ably arises from counting an accessoiy annulus

usually fomid in the firet zone of broad circuli

(fig. 2) . Thompson ( 1923) has termed this annu-

lus a "false winter appearance" and suggests it

occurs when the young haddock first descend to the

bottom and their growth is checked as they enter

the deep cold water. Our studies have sho^vn that

this accessory annulus occurs in slightly less than

50 percent of the scales examined for age

determination.
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We had an opportunity to examine critically the

nature of the accessory annulus while doino: some

scale back-calculations for another study. We
examined 513 scales collected in Februai-y and

March, 1956 and 1957, from Geoi-ges Bank had-

dock, 3 to 6 years old. The scales had been col-

lected as part of the routine port sampling pro-

gram and represented a typical sample of scales

used in our age determination procedure. In the

sample of 513 scales, 245 (47.8 percent) showed an

accessory annulus. A random subsample of 38

scales was taken for a more detailed study of the

accessory annulus. Back calculations were made
on the subsample to obtain these data: (1) Li—
calculated fish length at the end of the first year ;

(2) La—calculated fish length when the accessory
annulus first began to fonii; (3) Lb—calculated

fish length when the accessory annulus was com-

plete; (4) Ca—number of circuli from the focus to

the fii-st narrow circulus in the accessory annulus;
and (5) Cb—number of circuli from the focus to

the last narrow circulus in the accessory annulus

(see table 2).

The accessory annulus starts to form when the

haddock attain an average length of 115 mm. and

is complete when the haddock attain an average

length of 139 mm. The accessory annulus consists

of about seven closely spaced circuli within a zone

of wideh' spaced circuli and includes the 10th

through the 16th circulus from the focus.

Broadly spaced circuli, denoting rapid growth,
are found on the scale after the accessory mark
and are in turn followed by a zone of narrow

circuli. This zone of narrow circuli is the first

true annulus and is considered complete on

Februaiy 1, altliough a few additional narrow

circuli are formed in Februaiy and Alarch. The

accessory annulus usually is well separated from

the first true annulus and with training and expe-
rience can be readily recognized by the scale

reader.

Another sotirce of error may arise from mechan-

ical damage to the scale. The exposed posterior

edges of some scales, particularly from fish more

than 7 years old are ragged and appear to be

eroded, suggesting that some annuli may be

Table 2.—Calculated fish length-scale length relationship

for accessory mark on Georges Bank haddock scales
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Table 3.—Length composition of young-of-the-year had-

dock collected on Georgtn Bank and in the Gulf of

Maine in 1951

Figure 3.—Mean lengths of young-of-the-year haddock
collected on Georges Bank and in the Gulf of Maine in

1957.

averaging 4.5 mm. long. Presumably these fish

had been spawned only 1 or 2 weeks previously.

In collections made in May 1957, postlarval had-

dock, averaging 9.6 mm. long, were taken. In

June, young haddock 18.0 mm. long were collected

at or near the surface but by July, the haddock

had grown to an average length of 85.8 mm. and

were in the middepths, mostly at 20 meters.

Midwater trawling from the Albatross III in

September caught young haddock, average length
99.2 mm., slightly deeper in the middeptlis,

presumably moving down to begin their existence

on the sea bottom.

In a collection of juvenile haddock, made with

a one-half-inch mesh otter trawl in October and

November 1957, the fish averaged 132.0 mm. It is

at this time that most haddock scales fonn the

accessory annuhis discussed previously.
The December collection represents juvenile

haddock taken by a commercial otter trawler.

The young-of-the-year haddock now average
179.0 mm. in length and liave almost attained

their full first year's growth. The average length
for the December sample agrees well with the aver-

age length of 196 mm. for 1 -year-old fish in the

data.

An earlier collection of 419 haddock scales and

length measurements was made on Georges Bank

during Alhafross III cniise 56 (Feb. 1-13. 1955)

Length
(cm.)
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Table 4.—Age composition of .'il9 Georges Bank haddock,

hy 3-cm. groups

Length (cm.)
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Figure 5.—Catch por day of haddock taken in Georges
Bank Fishery.

methods agreed in 6*2 percent of the cases, but

closer agreement (73 percent) was obtained when

only fish 2 through 5 years old were examined.

M. Graham (1929) has stated that scale-otolith

comparisons do not prove the validity of either

method unless it is demonstrated that the periodic
zones are formed simultaneously on both the scales

and otoliths. Such comparisons may serve as

indices to the validity of one method if it is sup-

ported by tlie other method.

Confirmation from Tagging

Tlie I'ecapture of marked fish of known age is

the most direct means to validate age determina-

tions, since the time parameter is precisely known.

The technique is essentially this: the fish are

marked and, before they are released, scales are

removed for age determination. When a marked

fish is recaptured, a second age determination is

made and compared with the first. Since the

time at liberty is known, ajiy growth can be

directly compared to time.

To examine this growth, scales were taken at

the time of recapture from 32 tagged haddock and

compared with scales taken from the same fish at

the time of tagging. The fisli were at liberty

from 9 to 150 weeks. The scales were examined

as follows : "at return" and "at tagging." Scales

from each fish were impressed on plastic slides (64

in all). Each slide was identified only by a code

number and the month in which the scale

sample was taken. All of the slides were exam-

ined independently by two experienced scale read-

ers, who marked the annuli for each scale on a

card. Wlien the readings were completed, the

markings on the cards were compared to determine

whether both readers had interjireted the same

zones as annuli. Both sets of scales were identi-

cally interpreted for 29 of the 32 fish (table 5) ;

the 3 questionable sets M-ere re-examined by both

readers together. Two of the fish in question had

not formed identifiable annuJi for one of their

years at liberty ;
one was at liberty for 105 weeks

and the other for 150 weeks. On the scale of the

third fish, a zone was identified as an annulus by
one of the readers but not bj' the other. This zone

was formed immediately following tagging and

perliaps lesulted from interruption of growth
caused by capture and tagging. It is significant
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Table 5.—Comparison of scales from 32
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tlierefore, that haddock, at least, do not fonn a

ta^fjing check. Despite the lack of volume of

recapture information, the available data are fa-

vorable to the use of scales from tagged fish as a

test of aire validation since the scales at recapture
had fjrowii (either in number of edge circuli or

in the total number of annuli) while the tagged
fisji was at liberty.

CONCLUSIONS

1. Haddock ages determined by scale readings
were compared with ages judged from length-

frequency curves (Petersen method). The two

sets of age determinations were in very close

agreement for the first 3 years (100 percent for the

fii-st year, 61 percent for the second year, and 71

percent for the third year). Beyond the third

year the length-frequency modes are obscured by

overlapping of the lengths for each age.

2. The zone of closely spaced ("winter" type)
circuli considered to be the amiulus is formed

during the period August through April. Only
one annulus is formed during the year.

3. Age determinations from haddock scales read

by different readers agreed in about 90 percent of

the readings. The scale annuli are usually clear

and easy to read.

i. Ages read from scales and from otoliths for

the same fish agreed in 62 percent of the cases for a

sample of Te^ fish, 1 to 3 years old. Closer agi'ee-

ment ( 73 percent ) resulted from the readings for

fish 2 to 5 years old.

5. AVhen catch-per-day data by age class for

commercial haddock landings were plotted each

year for 10 yeare, peaks representing outstanding

year classes stood out from the adjacent poorer

year classes. These peaks could be followed from

year to year.

6. From a total of 32 tagged fisli. an increase

in tlie number of annuli equal to the number of

years at liberty was noted in 29 fish. Scales from

2 fisli had fewer annuli than yeare at liberty :

one fish was in the ocean 2 years, but grew only

one annulus; the other fish was in the ocean 3 years

and grew 2 annuli.

7. Georges Hank haddock-scale annuli are

formed one each year; they are true year zones

and age determinations from these scales are valid

in most of the haddock.
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ABSTRACT

Synonymies are listed for Kyphosus sectatrix and Kyphosus incisor, the two species

studied. Development of these species is described and illustrated from the smallest

juvenile to the largest adult examined (K. sectatrix, 115 specimens from 10.4 to 260 milli-

meters, standard length; and K. incisor, 99 specimens ranging 8.5-252 mm.). All specimens
examined were from the North Atlantic Ocean, and most were from the Atlantic coast of the

United States and the Bahama Islands north of lat. 23°30' N. No abrupt changes in rate

of development of selected characters occurred with increase of size. However, a gradual

decrease in rate of development with increase in size was indicated in many of the characters.

The reported distribution of both species along the Atlantic coast of the United States

and the northern Bahamas is reviewed and revised, with the northern reported range for

K. incisor e.xtended to Cape Cod. Lenth-frequency data indicate an extended spawning
season for both species. Scale and pectoral fin-ray counts indicate that few specimens taken

in the Gulf Stream came from the northern Bahamas.

The two species are similar except for total dorsal and anal soft-ray counts and gill-raker

counts. Scale and pectoral-ray counts indicate that the A', sectatrix taken at Bermuda and

in the northern Bahamas are not part of the population found along the Atlantic coast of the

United States. A key is provided to aid in separating the two species.



DEVELOPMENT, DISTRIBUTION, AND COMPARISON OF RUDDER FISHES
Kyphosus sectatrix (Linnaeus) and K. incisor (Cuvier) IN THE WESTERN
NORTH ATLANTIC

By DONALD MOORE, Fishery Research Biologist,

Bureau of Commercial Fisheries

Between January 1953 and December 1954 tlie

U.S. Fish and Wildlife Service, in cooperation
with the U.S. Navj' Hydrographic Office, the

Office of Naval Research, the Georgia Game and

Fish Commission, and the Florida State Board of

Conservation (through the Marine Laboratory,

University of Miami), collected data and samples

along the south Atlantic coast of the United States

and in the northern Bahama Islands on nine cruises

of the motorship Theodore N. Gill (Anderson,

Gehringer, and Cohen, 1956 a, b; and Anderson

and Gehringer, 1957 a, b; 1958 a, b; 1959 a, b, c).

During identification of the specimens collected

by dipnet on these cruises, it became apparent
that the juveniles of the two species of the genus

Kyphosus (family Kj-phosidae) reported from the

North Atlantic Ocean were, in many instances,

not readily distinguishable from one another.

Meek and Hildebrand (1925) in their report on

the Kyphosus in Panama said,

* * * The affinities of the Atlantic coast species are,

howe\er, not well understood and we cannot be certain of

the identification of the specimens at hand. We have

compared our specimens with others from North Carolina,

Florida, Bermuda, and Cuba. Unless there is much varia-

tion among individuals with respect to the depth of body,
number of anal and dorsal rays, and number of scales in a

lateral series, there must occur on the Atlantic coast more
than two species of this genus, the number recognized in

current works. * * * A close study of a large amount of

material from the Atlantic would be very desirable.

Later publications do not clarify the identifica-

tion of the species of Kyphosus in the North

Atlantic; also the development of young of these

species has not previously been described.

This paper presents a review of the taxonomy
and the results of a study on the development,
distribution, and comparison of the two species
of rudder fishes, Kyphosus sectatrix (Linnaeus)

note:—Approved for publication May 24, 1961. Fishery Bulletin lyu.

and Kyphosus incisor (Cuvier), found along the

Atlantic coast of the United States and the

northern Bahamas.

Young rudder fishes are available as forage for

other fish, and adults are considered to be excellent

game and food fish. Mowbray (1949) said of

K. sectatrix: "Probably the most potentially

important small game fish of Bermuda waters is

the chub, or rudder fish as it is sometimes known.
This fish is found in large numbers amongst the

reefs surrounding the island and it rivals the bone-

fish in gameness, and surpasses it in strength.
The average weight of a chub is about eight pounds
though they reach twenty."

I am grateful for the assistance given bj' various

staff members and to those who loaned me speci-

mens: Leonard P. Schultz, U.S. National Museum;
E. Milbv Burton, Charleston Museum; University
of Florida Museum; and David K. Caldwell,

Brunswick, Georgia; and for information given by
Paulo de Miranda Ribeiro.

METHODS AND DEFINITIONS

Measurements of 15 mm. or greater were made
with drafting dividers and a Paragon scale; those

measurements greater than 50 mm. were recorded

to the nearest 0.5 mm. while those from 15 mm. to

50 mm. were recorded to the nearest 0.1 mm.
Measurements less than 15 mm. were made with

a micrometer eyepiece on a stereoscopic micro-

scope, and recorded to the nearest 0.1 nun. Draw-

ings of fishes, and of caudal osteology, were made
with the aid of a camera lucida.

Original measurements were used in the plots
of body proportions to standard length. Unless

otherwise stated, specimen lengtiis are standard

length measurements. Stained specimens were

prepared using the methods described b^' Hollister

(1934) and Evans (1948).

451
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DEFINITIONS OF TERMS

Standard length.—Distance from tip of snout to posterior

border of hypural bones. (All measurements from tip of

snout are with mouth closed and do not include any an-

terior protrusion of incisor teeth in adults.)

Eye diameter.—Horizontal width of the orbit.

Head length.
—Distance from tip of snout to posterior

fleshy margin of opercle.

Body depth at pelvic fin.—Distance from base of pelvic

spine to base of first dorsal spine.

Snout to dorsal fin.—Distance from tip of snout to base

of first dorsal spine.

Snout to anal fin.—Distance from tip of snout to base of

first anal spine.

Snout to pectoral fin.— Distance from tip of snout to in-

sertion of first pectoral ray.

Snout to pelvic fin.—Distance from tip of snout to base of

pelvic spine.

Pectoral fin length.
—Distance from insertion of first pec-

toral ray to tip of fin v\ith fin pre.ssed to side of specimen.
Spine.

—A fin ray which is relatively inflexible, is unseg-
mented or becomes unsegmented during development and
does not have flattened tip. (Counts are listed by roman
numerals.)

Soft-ray.
—A fin ray which is relatively flexible, is seg-

mented or becomes segmented during development and

usually has a flattened or branched tip. (In caudal fin

the counts are listed: dorsal plus ventral.)

Teeth.—Counts given are for one side of one jaw.
Gill rakers.— (1) Entire first arch—total number, inclnd-

ing tubercles, on the first gill arch on one side. (2) Upper
limb—total on epibranchial bone in first arch excluding
raker at angle. (3) Lower limb—total on ceratobranchial

and basibranchial bones in first arch including raker at

angle. (4) Ceratobranchial bone—total on bone in first

arch including raker at angle and any others partly at-

tached to this bone (frequently one raker at junction of

the ceratobranchial and basibranchial bones is only partly
attached to the ceratobrancial) .

Scales.— (1) Row above lateral line—counted in the row-

above the lateral line, to base of caudal rays. (2) Straight
line—counted along the continuous horizontal row which
terminates one row below the lateral line at the caudal

peduncle, small scales at cleithrum excluded.

Atlantic coast of the United States.—Along the Atlantic

coast from Eastport, Maine, to Dry Tortugas Islands,

Florida, including the Florida Current to the Bahama
Islands.

Northern Bahamas.—The Bahama Islands lying north of

Latitude 23°.30' North.

MATERIAL

Measurements and counts of selected parts were
recorded from 115 specimens of Kyjjhosvs sectatrix

ranging from 10.4 to 260 mm. (table 1), and from
99 specimens of Kyphosus incisor ranging from
8.5 to 252 mm. (table 2). The specimens of

Kyphosus at the Biological Laboratory, Bruns-

wick, Ga., ranging from 8.7 to 54.5 mm., were

supplemented by material ranging from 8.5 to

260 mm. from the U.S. National Museum, the

Charleston Museum, the University of Florida

Collections, and the Jamaica collection of David
K. Caldwell.

KYPHOSUS SECTATRIX (LINNAEUS)

Peira saltatrix Linnaeus, 1758: p. 293 (Bahamas,
Florida, or Carolina), misprint for sectatrix in Catesby,
1743: p. 8.

Perca sectatrix Linnaeus, 1766: p. 486 (Bahamas, Florida
or Carolina), correction of misprint.

Chaetodon cyprinaceus (Broussonet) Gmelin, 1789:

p. 1269 (tropical Atlantic).

Pimelepterus bosquii Lac6pede, 1803: p. 429, pi. IX,
fig. 1 (South Carolina).

Pimelepterus boscii Cuvier in Cuvier and Valenciennes,
1831: p. 258, pi. CLXXXVII (Carolina).

Pimelepterus oblongior Cuvier in Cuvier and Valenci-

ennes, 1831: p. 264 (locality unknown).
Pimelepterus boscii var. sicula Doderlein, 1884: p. 83

(Gulf of Palermo).

Cyphosus bosqui Jordan, 1884: p. 128 (Key West,
Florida).

Cyphosus elegans (non Peters) Metzelaar, 1919: j). 44

(Curacao, Venezuela).

Kyphosus palpebrosus Miranda Ribeiro, 1919: p. 176

(Isle of Trindade, Brazil).

Kyphosus metzelaari Jordan and Evermann, 1927: p. 506

(Curacao, Venezuela).

Kyphosus incisor (non Cuvier) Parr, 1930: p. 66 (Turks
Island, British West Indies).

Kyphosus incisor (non Cuvier) Fowler, 1944: p. 87

(Roncador Bank, Colombia; off coast of Nicaragua).
Kyphosus lutescens (non Jordan and Gilbert) Carvalho,

1950: p. 116 (Isle of Trindade, Brazil).

Kyphosus sectator Tortonese, 1954: p. 82 (Palermo,

Sicily).

The nomenclature of Kyphosus sectatrix (Lin-

naeus, 1766) has been decisive since Jordan and
Gilbert (1883) noted that Lacepede had used the

name Kyphosus for Kyphosus bigibbus (1802)
earlier than Pimelepterus. Jordan and Gilbert

(1883) also said: "The word should however be

spelled with an initial C, as Cyphosus." Many
subsequent authors made this change. Lacepede
did not spell it with a "C," therefore, the correct

name is Kyphosus.
The species K. palpebrosus Miranda Ribeiro

(1919), taken at the Isle of Trindade, Brazil, is

placed in synonymy with this species since the

description of the type differs only slightly from
the description of K. sectatrix. Measurements
of selected parts of the 250-mm. holotype, taken



RUDDER FISHES IN THE WESTERN NORTH ATLANTIC 453

Tabi.k 1.— Locations and dates of capture of 115 specimens of Kyphosus seetatrix

|( BLBG) U.S. Bureau of Commercial Fisheries Biological Laborator>-. Brunswick
Charleston .\
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Table 2.—Locations and dates of capture oj 99 specimens of Kyphosus incisor

KBLBC.) U.S. Bureau ot Comraorcial Fisheries Biological Laboratory, Brunswick, Ga. (USNM) U.S. National Museum; (UF) University of Florida:
(ChM) Charleston Museum.]

Location

Fla..

Atlantic Coast of U.S. and Xodthern Bahamas:
23»40' N., 77°00' W
24°04' N'., 19°\b' W .__

Tortugas, Fla
Do

Nassau, Bahamas
25°32' N., TB^ia' W
26°20' N., 76°47' W
26°2.3' X., 76°48' W
Martello Tower, Key West,
Cow Key, Key West, Fla.
26°37' N., 79°51' W .,

26''47' N., 79°53' W
Palm Beach Inlet, Fla
.lupiter Inlet, Fla

Do --
Do

27°14' N., 79°60' W
28°35' N., 79°38' W

,
77°0O' W
79°26' W

, 80°19' W.
, 80°05' W.

29°00' N.,

29°00' N.,
29°10' N.
29'>22' X.,
29°29' X., 80''09' W.
29°29' X., 80°I0' W'.
29°3fi' X.,
29°38' X.
30^58' X.,
31''0O' X.,

31°0Q' X.,

 W
,
79°36' W __

,
79°3X' W

,80°23' W
, 80°46' W

St. Simons Island, Ga_. _

32°39' X., 76°46' W
32°40' X., 79°16' W
Charleston, S.C. (Pilot .ship)
32°43' X., 71°51' W
Charleston Harbor, S.C
Charleston, S.C
SS'IS' X., 76°23' W _.

33°29' X., 76°40' W __

Magnolia Beach, S.C
Do

33°44' X., 76°.'i6' W
33°50' N., 7.';°59' W
34°04' X., 76°14' W
34''09' X., 75°24' W _

,
76°03 W
74°55' W
75'>40' W

OIT Cape Lookout, N.C
Fort .Macon Beach, Beaufort, X.C.
35°08' N., 75°22' W
35°12'30" X., 75°05'0O" W
38°50' X., 7O°07' W
4O°03'30" X., 67°27'16" W
Woods Hole, Mass

Western Xorth Atlantic:
Porto Inhuama, Brazil

34°14' X.,
34°34' X.,
34°34' .N.,

Date captured

Nov. 11-12, 1954.

July 24, 1957

Apr. 23, 1886
Jan. 28, 1954
June 13-14, 1954-

July 19, 195.'i

July 3. 1919
July 15, 1919
July 28, 1957

do
June 9, 1958

July 6, 1968

August 1958
Dec. 21-24, 1958.

Julv 29, 1957
June 10, 1958
Julv 17, 1953

Aug. 14, 1953-..-
June 1, 1957
Nov. 24, 1957

Aug. 18, 1957-..-

Aug. 19, 1957
Jan. 28, 1960
June 25, 19.54

Oct. 16, 1953
do
do

Oct. 5, 1955

Aug. 10, 1953
Oct. 24, 19,59

Sept. 18, 1938
Jan. 5, 1885
Oct. 8, 1930

Sept. 4, 1938
May 8, 1953

Aug. 11, 1953

September 1934.-

Octnber 1934

Sept. 28, 1954.-.-

July 10, 1954
do -.

Sept. 26, 1954

Sept. 15, 1959

Sept. 29, 1954

July 24, 1960

Sept. 2, 1914

July 27, 1916

Sept. 24, 1954
Oct. 19, 1884

Sept. 16, 1886

July 15, 1885

May 1935 USNM 100812

Collection

BLBG, Om 9, Tongue of the Ocean
BLBG, Combat 448
USNM 116956
USNM 116964
US.NM 38433, .Ubalross
BLBG, am .5, Office of Naval Research -

BLBG, Gill 7, Std
BLBG, Gill 3, Std
USNM 111749
USNM 111748

BLBG, Combat 458

BLBG, Combat 459-.
UF5918
UF Unsorted
UF 5981
UF (imcatalogued)
BLBG, Combat 462

BLBG, Silver flaj/ 447

BLBG, Gill 3, Spc. 6

BLBG, Gill 4, Reg. 16...

BLBG, Combat 336

BLBG, Silver Ban 227

BLBG, Combat 485

BLBG, Combat 490

BLBG, Silver Ba;/ 1620

BLBG, Gill 7, Reg. 17

BLBG, Gill 4, Reg. 30

BLBG, Gill 4, Reg. 32

BLBG, Gill 4, Reg. 33
BLBG
BLBG, Gill 3, Reg. 62

BLBG, Silver Ray 1372 .--

ChM 38.210.2 .-

US.XM 119766, Albatross..
ChM 36.189.1.
ChM 38.207.5

BLBG, Gill 2, Reg. 63

BLBG, Gill 3, Reg. 64
ChM 34.302.2
ChM 34.316.6

BLBG, Gill 8, Reg. 65.

BLBG, Gill 7, Reg. 72

BLBG, Gill 7, Reg. 71

BLBG, Gill 8, Reg. 73

BLBG, Silier nan
BLBG, Gill 8, Reg. 80

BLBG. Silnr Bav 2201
USNM 111750, Fish Hawk
USNM 111752 .-

BLBG, Gill 8, Reg. 78
USXM 83846, Albatross
USXM 85501, Albatross
USX.M 133875, .Albatross

USNM 58932

Number of
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Table 3.—Number of dorsal and anal soft-rai/s on IIS

speci7nens of Kyphosiis sfctatrix

Number of dorsal soft-rays

n 12 13
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specimen. (The secondary rays were examined in

cleared and stained material only.)

Gill rakers.—Entire first arch, 21 to 27; upper

hmb, 5 to 8; lower limb, 16 to 19; ceratobranchial

bone, 11 to 14 (tables 5 and 6). The data indicate

a very slight increase in number of gill rakers with

increase in size from 10 to 260 mm. The number of

rakers on the ceratobranchial bone increases

slightly with growth, probably the result of

migration of the first rakers from on, or by,

the upper end of the basibranchial bone. In

many specimens one raker is located virtually

at the space between the two bones, and often

the last one or two rakers on the ends of the upper
or lower limbs are tubercles.

Scales.—Row above lateral line, 60 to 73;

straight fine, 47 to 64 (table 7). By 10.5 mm., the

sides of the body and peduncle have scales, but the

head, belly, and dorsal and anal fin bases are bare.

By 15.4 mm., parts of the head have scales, the

scales extend from the dorsal ends of the opercular

flaps, forward to a perpendicular from the anterior

edge of the pupil; there are patches of scales

ventral and posteroventral to the orbit and on

the upper part of the operculum; scales extend

onto the bases of the middle principal rays of the

caudal fin, and a small area forward of the pectorals

and another small area under the proximal part

of the pelvics are naked. By 26.4 mm., scales

cover the bases of all fins and the head, except for

the area around and anterior to the nostrils, the

lips, the edge of the orbit, and the preopercular

and opercular margins. Scales extend for about

two-thirds of the length of the soft dorsal and anal

fin rays by 52 mm., but extend out only about

one-third on the pectoral and caudal and one-half

on the separate rays of the pelvics. At 215.0

mm., the distal third of the pectoral is naked. All

Table 5.—Number of gill rakers on upper and lower limbs

of first arch on 103 specimens of Kyphosus sectatrix

larger than 16 mm.

Number of lower-limb gill rakers

16 17 18 19

11
2:7

5
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Table 7.—Number of scales along straight line on 104 sper/men.s of Kyphosus sectatrix and 54 specimens of Kyphosus incisor

larger than 18 mm.

[Arranged by species and area of capture)

.Species
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Figure 2.—Kyphosus sectatrix juvenile, 15.0 mm. (preserved for 7 years).

Figure 3.—Kyphosus sectatrix; A, juvenile, 18.7 mm. (preserved for 3 years); B, juvenile, 28.5 mm. (preserved for 7

years); C, juvenile, 33.3 mm. (preserved for 6 years); D, juvenile, 52.0 mm. (preserved for 1 year); E, juvenile, 71.5

mm. (preserved for 22 years); F, adult, 260.0 mm. (preserved for over 25 years).
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and Tniitt, Bciui, aiul Fowler, 1929); I.oiifjlcy

and Hildi'braiid (1941) do not mention i^ray in

tlieir descriplion of this sppcies.

DISTRIBUTION ALONG THE ATLANTIC COAST OF
THE UNITED STATES AND THE NORTHERN
BAHAMAS

Ki/phosus sectatrix has previously been reported from tlie

following specific localities in this area: Tortugas, Fla., by
Jordan and Thompson (1!)05), and Longley and liilde-

brand (1'.I41); Key West, Fla., by Jordan (1884), Jordan

and Fesler (189:5), F-vermann and Kendall (1900), and

Fowler (1929; 1945); Card Sound opposite Key Largo,

Fla., by Fowler (1945); Andros Island, Bahamas, by Rosen

(1911); Fish Market at Nassau, Bahamas by Lee (1889);

West Palm Beach, Fla., by Fowler (1929); Palm Beach,

Fla., by Fowler (1915); East Coast of Fla., by Goode

(1879); 31°13' N. Lat., 74° W. Long., by Bean (1905);

Charleston (pilot ship) and Magnolia Beach, S.C., by
Fowler (1945); South Carolina, by Lacepede (1803);

Beaufort Harbor, N.C., by Jordan and Gilbert (1879);

Beaufort and Cape Lookout, X.C., by Smith (1907);

Fisherman's Island, Va., by Hildebrand and Schroeder

(1928); Worcester Co., Md., by Truitt, Bean, and Fowler

(1929); Atlantic City, N.J., by Fowler (1952); Gravesend

Bay, N.Y., by Bean (1897; 1903); Orient, N.Y., by Nichols

and Breder (1927); Newport, R.I., by Kendall (1908)

and Fowler (1917); and Woods Hole, Mass., by Baird

(1873) and Smith (1898).

Some of tliese records may be of Kyphosus
incisor since my study revealed that several others

identified as K. sectatrix were actually K. incisor.

Figure 4 shows the location of capture of

specimens examined from collections of cruises

of the Theodore N. Gill, Combat, and Silrer

Bay; University of Florida specimen, Jupiter

Inlet, Fla.; Charleston Museum specimens from

Charleston and MagnoUa Beach, S.C.; and U.S.

National Museum specimens from the Bahamas,

Angel Fish Creek, Fla., Broad Creek, Fla., and

Beaufort, N.C.

Specimens of K. sectatrix taken from the fol-

lowing locations along the Atlantic coast of the

United States are not shown in figure 4: Dry

Tortugas, Fla., east of Delaware (38°25' X.,

72°40' W.) and Woods Hole, Mass.

E.xcept for some specimens from the Bahamas

and Tortugas, all taken from the locations indi-

cated (fig. 4) were juveniles, and most of these

were taken imder ])atches of Sar(jassiiiti.

There is probably a northward drift in tlu- C.ulf

Stream and Antilles Current of many of the

developing young from adult populations in south

Florida, the Bahamas, and the West Indies.

Most of llie Bahama, Bei'nuida, and Antilles

Current specimens I examined had liigher scale

and pectorid ray counts than tiie south Florida

adults and most of the juveniles from other areas

(tables 4 and 7). Most of the drifting juveniles

cauglit nortii of soutli Florida and the Bahamas
were j)i-()bably from soutii Florida or another

location not sanipled. Since the specimens from

the Caribbean Sea also had higher scale counts,

though not as distinct, it is doubtful that nnmy
of tile more northern juveniles came from tliere

either. The specimen from Turks Island, de-

scribed by Piirr (1930) had a higli scale count, as

did the specimens I examined from tlie nortiiern

Bahamas.

The largest specimen from north of the Bahamas
whicli I examined (133.0 nun., from Woods Hole,

Mass.) approaches the size of the largest reported
from the ssime region, about 6 inclies (or about

150 nun.) by Smitii (1898) at Woods Hole, Mass.

There is no evidence that fully grown adults

inhabit the Atlantic coast of the Ignited .States

north of the Bahama Islands.

Table 8 shows the surface temperatmes niul

salinities of the open waters along the Atlantic

coast of the United States and the northern

Bahamas at locations from which several juveniles

were taken. Unfortunately, these data are not

available for the specimens captured along the

slioreline of the U.S. coast. Therefore, the indi-

cated ranges of temperature, 23.61° C. to 29.02°

(\, and salinity, 35.39 °/oo to 36.53 °/oo, probably
do not represent the ranges of tolerance for this

Table 8.—Surface temperatures and salinities for times and
locations of capture of 1? specimens of Kyphosus
sectatrix

[Data taken from the Theodore N. QUI cruise reports ;iiul unpublished station

lists of the Silver Bay; specimens arranged imiiviilually by size)

Siie
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species but iniiy represent the oi)tiiiuiiu ranf^es for

developing juveniles. Bean (1897) reported tliis

species to be hardy in the aquarium but unable to

endure winter temperature.

At Woods Hole, Mass., in April, the month
Smith (1898) reported this species, the highest

daily surface water temperature taken over an

11-year period was 11.67° C. (U.S. Department
of Commerce, 1955). At Montauk, N.Y., about

25 miles from Orient where Nichols and Breder

(1927) reported this species taken on November

2, 1915, the highest November surface water

temperature recorded during 8 yeai-s of sampling
was 15.55° ('. These records indicate a tolerance

of these low temperatures for at least a short

period. The scarcity of this species in fish col-

lections made north of Cape Hatteras suggests
K. sectatrix cannot endure low temperatures.

Size frequency data for small specimens show
tliat specimens under 20 nun. were taken during
several parts of the year (fig. 5). This possibly
would indicate that spawning occurs over a wide

period of time during the year, which is common

among many fishes in tropical and semitropical
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waters. The sampling effort was not unifonu

throughout the seasons, therefore, niany locahties

were not sampled during certain months.

Most of my specimens from the Bahamas and

Antilles Current probably came from fall and

winter spawning, and most from along the rest of

the Atlantic coast of the United States probably
came from spring and summer spawning.

KYPHOSUS INCISOR (CUVIER)

Pimelepterus incisor Cuvier in Cuvier and Valenciennes,

1831: p. 266 (Brazil).

Pimelepterus ilavo-lineatus Poey, 1866: p. 319 (Havana).

The nomenclature of Kyphosus incisor, like K.

sectatrix, has been decisive since Jordan and Gilbert

(1883) brought widespread attention to the correct

generic name, Kyphosus [Lacepede (1802) for

Kyphosus bigibbus]. The authority given for K.

incisor has varied among Cuvier and Valenciennes,

Cuvier, and Parkinson. In liis description Cuvier

(Cuvier and Valenciennes, 1831) gave credit to

Parkinson for having sketched and named this

species Chaetodon incisor; however, he did not cite

a previous paper.

The genus and species Seleima aurata Bowdich

(1825) is listed in doubtful synonymy to K. incisor

by Jordan, Evermann, and Clark (1930). The

description by Bowdich (1825) for Seleima aurata

is without doubt not a description of Kyphosus.

DEVELOPMENT

%.
—IX (1 specimen), X (3 specimens),

XI (61 specimens), or XII (1 specimen)—13 (33

Dorsal Jin.

j^i (Di specimens), or All (I specimen)— la (3i!

specimens), 14 (65 specimens), or 15 (1 specimen)

(table 9). Full complement of total dorsal raj's

(spines and soft-rays combined) is present by 8.5

mm. and the soft-rays are all segmented and un-

branched except for the last which is divided to

its base (fig. 6). Some specimens from 8.5 to 10.2

mm. long have the last spine pointed, but seg-

mented, indicating near completion of the transi-

tion from segmented ray to unsegmented spine
noted also in K. sectatrix. By 17.2 mm., the next

to last ray has branched, and by 17.5 mm., all

but the first two soft-rays and the posterior ele-

ment of the last have branched. By 19.0 mm.,
only the first soft-ray remains unbranched; all have
branched by 25.8 mm.

In this species the spines are inserted alternately
to the left and right of the mid-dorsal line as in K.
sectatrix. Two spines articulate to the same bone
in the fin of tlie single specimen with 12 spines.

Anal Jin.
—III (66 specimens)

— 12 (17 speci-

mens) or 13 (82 specimens) (table 9). The full

complement of total anal rays (spines and soft-

rays combined) is present by 8.5 mm. (fig. 6).

One at 8.7 mm. has the third ray pointed but still

segmented, indicating a transition from segmented
ray to unsegmented spine as in the dorsal fin.

From 8.5 to 17.2 mm., the soft-rays are all seg-

mented and unbranched except for the last wliich

is divided to its base. By 17.5 mm., all but the

first two soft-rays and the posterior element of the

last ray have branched. By 19.0 mm., only the

first remains unbranched and it is branched by
21.7 mm.

Pectoral Jin.
— 18 (7 specimens), 19 (58 speci-

mens), or 20 (6 specimens) soft-raj^s (table 4). The

Figure 6.—Kyphosus incisor juvenile, 8.5 mm. (preserved for 2 years).
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Table 9.— .\ umber of dorsal and anal soft-rays on 09 speci-
mens of Kyphosus incisor

Number of

dorsal soft-rays

H 15

Z c

12

(12. I)
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is complete (tlie principal ray nearest the second-

aries on each lobe does not branch). By 19.2 mm.,
the two secondary rays adjacent to the principal

rays, in both dorsal and ventral lobes, are seg-

mented. A 28.4-mm. specimen had 10+ 9 second-

ary raj's.

QUI rakers.—Entire first arcli, 22 to 31; upper

Ihnb, 5 to 9; lower limb, 17 to 23; ceratobrancliial

bone, 13 to 15 (tables 10 and 11). The counts in-

dicate a steady slow increase in number of gill

rakers from 10 to 50 mm. with no increase beyond
50 mm.

Since this increase occurs in both Hmbs, the

increase for the entire arch is more pronounced.
The ceratobranchial-bone count, while showing
the same trend, shows the least change; the change
is probably the result of migration of tlie last

raker, as in K. sectatrix.

Scales.—Row above lateral line, 63 to 73;

straight hne, 54 to 62 (table 7). By 8.5 mm., tlie

sides are covered with scales from the pectoral

base to the caudal peduncle and from just above

the lateral line to the ventral edge of the pectoral

base, with the same proportionate width back to the

peduncle.
From 10 to 252 mm., the development of scales

parallels that of K. sectatrix.

Teeth.—DeniiWon of the 10.0-, 15.8-, and 28.4-

mm. specimens was determined by clearing and

staining.

On a 10.0-mm. specimen, only premaxillary and

dentary teeth were present; there were about 10

caniniform teeth in a row on each premaxillary
and four on each dentary, all in various stages of

development.
On a 15.8-mm. specimen, each premaxillary had

11 or 12 uneven caniniform teeth in a row, and
each dentarv had 4 or 5.

Table 10.—Number of gill rakers on upper and lower limbs
of first arch on 63 specimens of Kyphosus incisor larger
than 16 mm.

Number of
lower-limb gill rakers

19
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piirallel and luljaceiit to the rays. The spots are

present on the spinous-dorsal and anal fins and

around the bases of the dorsal soft-rays. On the

sides there are many pigment spots ranging; from

hrown to black. Most of tlie larger spots have

many narrow rays of pigment radiating out from

each spot. The largest spots occur on the upper
lialf of the side. Tlie area over tlie gut cavity has

spots larger than those on the rest of the lower half

of the side, but smaller than those above. A
straight line of black dashes under tlie surface lies

on the middle of the side, at and just forward of

the caudal peduncle; they arc more visible on

specimens preserved for an extended period of time

(see fig. 7, 9.8 nun.).

By about 10 mm., the blotched gray pigment
has become more distinct on the fresher specimens,

however, the areas of pigment are about the same.

The specimens, at this size, preserved for an ex-

tended time have slightly smaller dark spots than

do the smaller fish (fig. 7).

On fresh specimens from about 11 to slightly

longer than 13 mm., the gray pigment is more
uniform (fig. 9A), which may be due to alternating
color patterns like those found in K. sectatrix

(Townsend, 1929). The pigment on the dorsal,

anal, and pelvic fins is much dariver than on most

other parts. There still is no pigment on the

caudal fin and little on the pectorals. Tiie pig-

ment on the soft dorsal ranges from none to some
around the first three soft-rays. The preserved

specimens of this size are similar to the fresh

except that the gray is now brown. In the more

faded condition, the dark spots are more pro-

nounced than in the fresh condition, but not so

distinct as in the smaller faded fish.

By about 15 mm., some specimens have pigment

spots extending beyond the middle of the caudal

Figure 9.—Kyphosus incisor; A, juvenile, 13.2 mm. (preserved for 3 months) : B, juvenile, 17.G nmi. (preserved for 2 years) ;

C, juvenile, 21.2 mm. (preserved for 9 months); D, juvenile, 33.6 mm. (preserved for 3 years); E, juvenile, 54.5 mm.
(preserved for 7 years); F, adult, 252.0 mm. (preserved for 74 years).
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base (fig. 8). The fresher specimens show large

patches of buff on brownish sides. Pigment spots

extend fm-tlier out on the soft dorsal and anal and

cover most of the pectorals. In most fish through

this size the first three soft-rays generally lack

pigment.
From about 17 to 21 mm., the pigment covers

more than half of the soft dorsal and anal fins.

Extensive pigment over the anterior portions of

these fins is more common than on the smaller

specimens. There are light and dark streaks

along the scale rows, and the patterns vary from

light patches on dark background to a uniform

slate gray, with the pigment on all but the pectoral

fin being much darker (fig. 9B). By 21.2 mm.,
the pigment extends across the entire base of the

caudal (fig. 9C).

From about 22 to 30 mm., there is a fine stippling

of dark spots over most of the caudal and pectoral

and the last two or three rays of the dorsal and

anal. The stippling of the anterior third of the

caudal is dense.

By 33.6 mm., the stippling on the fins is more

dense (fig. 9D), even on very faded specmiens.
A darker band of pigment with black spots is

becoming evident along the outer row of scales on

the dorsal, anal, and caudal fins.

By 54.5 mm., the black band at the outer row
of scales on the dorsal and anal fins has become
more distinct (fig. 9E), and the dark spots on the

sides of the fish are no longer apparent.
The larger specunens examined were old and

had a uniform brassy appearance on the sides,

with buff-tan on the underside ("fig. 9F). The
darker and ligliter bands along tHe scale rows are

apparent, and the fins have a more uniform dark

buff color.

DISTRIBUTION ALONG ATLANTIC COAST OF THE
UNITED STATES AND NORTHERN BAHAMAS

Kyjihosus incisor has previously been reported
from the following specific localities in this area:

Tortugas, Fla., by Jordan and Thompson (1905)
and Longley and Hildebrand (1941); and Nan-

tucket, Mass., by Nichols and Breder (1927)
who said, "the identification is open to question."
The most northerly definite record of K. incisor,

from off Cape Hatteras, N. C, is in the prelhninary
identification of the Theodore N. Gill cruise collec-

tion of specimens (Anderson and Gehringer,

1959b).

Figure 10 shows the location of capture of

specimens examined from the collections of the

Gill, Combat, and Silver Bay, and from St. Simons

Island, Ga.
; University of Florida specimens from

Palm Beach and Jupiter Inlets, Fla.; Charleston

Museum specimens from Charleston and Magnolia
Beach, S.C.

;
and USNM specimens from Key

West, Fla., Nassau, Bahamas, Beaufort, N.C., and

Capes Lookout and Hatteras, N.C.

Specunens of K. incisor taken from the following
locations along the Atlantic coast of tl e United

States are not shown in figure 10: Tortugas, Fla.;

east of Delaware (38°50' N., 70°07' W.); east of

New Jersey (40°03' N., 67°27'W.); and Woods

Hole, Mass. Aside from the Woods Hole speci-

men (101.5 mm.), all from north of Nassau were

less than 60 mm.; the only specunens longer than

150 nun. were from Nassau and the Tortugas.
These data give the following new inshore

records for K. incisor: Key West, Fla.; Jupiter

Inlet, Fla.; Palm Beach, Fla.; Nassau, Bahamas;
St. Simons Island, Ga.; Charleston, S.C;
Magnolia Beach, S.C,; Beaufort, N.C; and Woods

Hole, Mass.; and new records far offshore east of

Delaware and New Jersey. All specimens

captured on cruises of the Combat and Silper Bay
are from new locations. All of the Charleston

Museum specimens from Charleston and MagnoUa
. Beach, S.C, were identified as K. sectatrix by
Fowler (1945), however, some are K. incisor.

Most juveniles were taken under patches of

Sargassuin, often along with K. sectatrix. The
locations indicated in figure 10 suggest, even more

distinctly, a northward drift in the Gulf Stream

and Antilles Current than did the locations for

K. sectatrix, especially off North Carolina.

Table 12 shows the surface temperatures and

salinities of the waters from which several juveniles

were taken. The extremes recorded were similar

to those recorded for K. sectatrix, except for the

lower extreme of salinity from a shoreline location

(27.85 °/oo at St. Simons Island, Ga.). The month
of capture was not reported for the specimen
from Woods Hole, Mass., but the highest surface

temperature recorded there was 25.00° C (U.S.

Department of Commerce, 1955).

Size frequency data for small specimens indicate

that spawning occurs during much of the year

(fig. 1 1) as in K. sectatrix. All of the specimens less

than 20 mm. were captured from May through

December, suggesting that the spawning activity
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Figure 10.—Locations of capture of Kyphosus incisor along the southeastern Atlantic coast of the United States and the

northern Bahamas. Triangles denote cai)tiire along shoreline, and dots denote capture in open water
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Table 12.—Surface temperatures and salinities for times

and locations of capture of 41 specimens of Kyphosus
incisor

(Data from the Theodore N. Gill cruise reports, unpublUhed lists of the

Silver Bay, and seining records of the Bureau of Commercial Fisheries

Biological Laboratory, Brunswick, Ga., specimens arranged by size]

Size
mm.
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Figure 14.—Relation of body depth at pelvic fin to standard length on 115 specimens of Kyphostis sectatrix and 99 speci-

mens of Ky-phosus incisor. Dots denote K. seclalrix, X's denote K. incisor, and circles denote capture beyond the

Atlantic coast of the United States and the northern Bahamas.
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NUMBER OF
DORSAL SOFT- RAYS
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NUMBER OF
LOWER-LIMB GILL RAKERS

19 I 20

Figure 21.—Comparison of number of upper-limb and lower-limb gill rakers on the first arch of 165 specimens of

Kyphosus, larger than 16 mm., from the North Atlantic Ocean. Solid lines, enclosing s.'s, denote K. sedatrix; dashed

lines, enclosing i.'s, denote K. incisor.

of the region intensively studied. All specimens
of K. sedatrix taken at Bermuda, the Bahamas, and

in the Antilles Current had about the same number
of scales (56 to 64), K. incisor has (54 to 62),

counted in a straight line. All but one K. sedatrix

taken along the Atlantic coast of the United States

fell within a lower range (47 to 56) (table 7).

The seven K. sedatrix taken in the Caribbean Sea

had intermediate scale counts (54 to 58). As
with pectoral fin rays, the straight-line scale

counts indicate a distinct population of K. sectatrix

in the Bahama-Bermuda region.

Teeth.—No interspecific variation in number
of teeth on the prema.\illary and dentary bones
was observed.

Pigmentation.
—The color patterns observed

indicate that the ability to change pattern quickly,
from bars to patches, observed by Townsend

(1929) in K. sedatrix, is equally present in K.
incisor. No comparison was made of fresh adult

specimens. During development the color pat-
terns are similar, except that most K. incisor from
about 12 to 22 mm. have few or no pigment spots
in the area of the first three dorsal and anal

soft-rays, and few dark spots and lines on the

pectorals (figs. 8, 9 A, B, and C) ; most K. sectatrix

longer than 12 mm. have much heavier pigment
on these parts (figs. 2 and 3A).

Caudal osteology.
—No interspecific or intra-

specific variations in caudal osteology were

observed. A representative caudal base is illus-

trated in figure 22.

Branchiostegals.
—Both species normally have

seven branchiostegals on each side. However, one

specimen of K. incisor had eight on one side and

in this instance the first two were much closer

together.

BODY PROPORTIONS

A shght indication of interspecific variation in

eye diameter appeared only among specimens
above 150 mm. (fig. 12). The eye diameters of

all 18 K. sectatrix more than 150 mm. were 8.2

percent or more of standard length, except one

specimen from Madeira (7.5 percent); those of the

five K. incisor above 150 nnn. long were 8.4

percent or less of standard length (table 13).

An indication of interspecific variation in head

length, body depth at pelvic fin, and pectoral fin

length appeared only among specimens more than

150 mm. from along the Atlantic coast of the
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Figure 22.—Caudal skeleton of a 28.4-mm. Kyphosiis incisor. (Camera lucida drawing from a cleared and stained

specimen.)

United States and the northern Bahamas (figs. 13,

14, and 19). The three body proportions of these

specimens, seven K. sectatrix and four K. incisor,

expressed as percentage of standard length,
showed the following: the head lengths of K.
sectatrix were more than 27 percent, while those of

K. incisor were less than 27.5 percent; the body
depths at pelvic fin of K. sectatrix were 41 percent
or more, while those of K. incisor were 41 percent
or less; and the pectoral fin lengths of K. sectatrix

were above 18 percent, while those of K. incisor

were less than 18 percent (table 13).

There was Httle or no indication, at any size, of

interspecific variation in the distances from snout

to dorsal, anal, pectoral, and pelvic fins (figs. 15,

16, 17, and 18).

Table 13.—Measurements of selected body parts of 115
specimens of Kyphosus sectatrix and 99 specimens of
Kyphosus incisor, expressed as percentage of standard

length
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Table 13.—Measurements of selected body parts of 115

specimens of Kyphosus sectatrix and 99 specimens of

Kyphosus incisor, expressed as percentage of standard

length
—Continued

KYPHOSUS SECTATRIX—Continued
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Table 13.— Afeasuretnents of selected body parts of ltd

specimens of Kyphosus sectatrix and 99 specimens of

Kyphosus incisor, expressed as percentage of standard

length
—Continued

KYPHOSUS INCISOR-Continued

KEY TO THE NORTH ATLANTIC
KYPHOSUS

SPECIES OF

standard
length (mm.)

24.8

26.4

25.4

25.5
25.8

26.3
27.4

27.5
27.7

28.0
28.4

28.6
28.6
29.6
29.7
29.8

30.8

31.0
32.5
33.6
34.5

35.1

35.2
37.0

37.5
37.5

38.0
38.2
38.3
38.7

38.8
39.1

41.5
44.2_
44.5
44.5
45.2

45.2
45.5

50.0

54.5'
58.5

101.6
184.5

192.0
233.0 2-

239.0

282.0 i

Percent of standard length

Eye
diam-
eter

14.1
12.6
11.4
12.9
13.2
13.3
11.5
12.7
13.0
12.9
11.2
14.0
11.9
11.8
12.4
12.4

11.7
11.9
12.9
11.9
12.6
12.8
13.1
11.9
11.6
12.3
11.8
11.0
11.5
12.7
12.4
12.3
11.3
12.4
11.5
11.7
10.8
11.9
11.2
10.4
11.7
10.9
8.9
7.7
8.2
8.4
6.9
7.9

Head
length

36.7
35.4
33.9
32.9
35.7
33.1
32.8
33.5
35.0
36.4
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31.5
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35.7
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ABSTRACT
The harvest of oysters in Massachusetts has droi>i)e<l more than 50 percent in the last

50 years. The possibility of growing oysters attached to rafts was tested as a method of

culture that might be useful in reviving the declining oyster industry.

Oysters susiiended from rafts grew about twice as fast as oy.sters growing on the

bottom. Survival of raft oysters was about 6 times greater than that of bottom-grown

oysters. This study showed that oysters can reach market size in 2iA years, if they are

first suspended from a raft for 14 months. During the final year, raft-grown oysters should

be placed on the bottom to let the shells thicken. Normally, wild oysters take from 4

to 5 years to reach market size in Cape Cod waters.

A gross profit of .$3.75 per bushel was earned from the raft-grown oysters. This

amount compares favorably with the present gross profit of .$4..j0 per bushel earned

by local oystermen who grow oysters on the bottom.

This experiment demonstrates that raft culture is commercially feasible in

Massachusetts.



RAFT CULTURE OF OYSTERS IN MASSACHUSETTS
By William N. Shaw, Fishery Research Biologist

Bureau of Commercial Fisheries

The liarvest of o^ysters in tlie United States has

dropped more than 50 percent during tiie past
50 years. For tlie decade 1893-1902, the annual

harvest of oyster meats averaged 164.9 million

pounds, but for 1943-5-2 it was only 76.8 million

pounds ( Galtsoff, 1956
)

. An even greater decrease

has occurred in Massachusetts. Figure 1 shows

in 1200

u. 1000

< 400-

FiGUKE 1.—Ten-year annual average of oysters marketed
in Massachusetts, 1880-1060.

that in this State the annual average harvest of

1,222,500 pounds of oyster meats during the ten

year period 1910-19 has fallen to the present low
level of 204,700 pounds (1950-59), a decline of
83.3 percent. Since 1952 this trend has continued
at a substantially higher rate and only 113,000
pounds were harvested in 1958, an all-time low for
the State (fig. 2).

I wish to thank Dr. Paul S. Galtsoff for assist-

ance in organizing tlie project and for suggestions
in prejjaring the manuscript; J. C. Hammond,
commercial oyster grower, whose help in construc-
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HISTORY OF MASSACHUSETTS OYSTER
INDUSTRY

The Massachusetts oyster incliistry is centered

around Cape Cod. When tlie first settlers came

to this area they found many natural oyster beds

in the tidal rivers emptyinji: into Buzzards Bay,

Cape Cod Bay, and Nantucket Sound. Since

most of the beds were easily accessible at low

tides it was not lon^ before the Cape's natural

supply of oysters was greatly reduced. Many-
towns recognized the value of oyster-beds and for

fear of tlieir destruction passed laws intended to

protect tlie oyster fishery. As early as 177:2 the

town of Wellfleet regidated the taking of oysters

in Billingsgate Bay. By 1775 Wareham invoked

a law, "tliat there should be no shellfish nor sliell

sold or carried out of tlie town." Other restric-

tions pertaining to the taking of shellfish wei'e

inaugurated, but in most cases the laws were

passed too late or provided only temporary relief;

the destruction of many natural beds had already
taken place.

Tlie next phase in tlie history of the industiy

began during the early 184()"s with the planting
of Virginia oysters on leased grounds at Well-

fleet. By 1850, 100,000 bushels were planted

(Ingersoll, 1881). Because of the Civil War
(1861-65) there was a sharp decline in the ship-

ping of oysters. After tlie war, the decline con-

tinued until in 1880 only 6,000 bushels of

Virginia oysters were planted in Wellfleet.

Witli the decline of the inn)ortation of Vir-

ginia stock, a system of grants was developed.
In 1874 the towns of Swansea and Somerset were

given the privilege of issuing grants for tiie

propagation of oysters. Four years later, in 1878,
the Massachusetts oyster laws were amended giv-

ing the mayor, aldei-nien, or selectmen of each

city and town tlie riglit to issue grants "for a

term not exceeding 20 years to an inhabitant

thereof, to plant, grow, and dig oysters."
The oyster industry of Massachusetts has not

changed significantly since the first grants were
issued. I'fnder this system tlie oysterman leases

fi-oni a town a certain area of suitable offshore

bottom. In the spring he plants fully grown
oysters obtained from the watei-s of other States,

mainly from Connecticut. The majority of these

oysters are sold in tlie late fall and winter; only
those undei- the JJ-incli minimum legal size are

left on the bottom for another year.

Because of the recent scarcity of oysters in

Long Island Sound, the Connecticut and Xew
York growers can no longer supply Massachu-

setts with enough bedding stock
; therefore, many

Bay State oystermen have gone out of business.

For example, in Oyster Pond River, Chatham,
where 20 men were once in the oyster business,

only 3 are working at present. Since tlie oyster

industry of Massachusetts can no longer afford

to rely on obtaining bedding stock from other

States, new and more effective methods of oyster

culture are needed, if the industry is to prosper.

UTILIZATION OF THE POTENTIAL SEED
RESOURCES

At present the potential seed resources of the

Cape are not utilized. Wild oysters are found in

the tidal waters of Cape Cod indicating that

natural reproduction is taking place. Waters

around Wareham Eiver and Onset Bay are

capable of producing thousands of bushels of seed

oysters if proj^er spat-collectir g methods are used.

Failures of setting in this area are rare (Galtsoff,

Prytherch, and McMillin, 1930). Good setting

regions are also found along the south shore of

Cape Code M-here many wild oyster sets occur

nearly every year. By taking advantage of these

resources, the local oyster industry could be made

self-sustaining instead of depending on the im-

portation of out-of-State bedding stock
; by raising

seed a true oyster culture would be practiced.

The basic reason for the present lack of utiliza-

tion of Massachusetts natural seed is its slow

growth. Local production is hampered by iiigli

mortality from predation, and difficulty in obtain-

ing grants for the culturing of seed oysters.

Massachusetts is near the northern limit of the

range of distribution of the eastern oyster, Crns-

'iosfrea cirginica. which according to Abbott

(1954), extends along the coast of the United

States from the Gulf of St. Lawrence to the Gulf

of Mexico. In Cape Cod waters wild oysters reach

market-size (3-iii. or greater) in 4 to 5 years,

although fishermen report that in Wellfleet oysters

grow to market size in 31/0 years. During this

time tliey are the prey of enemies. Our records

show that of 400 bushels of seed oysters planted
in Oyster Pond River in the fall of 1956, nearly

100-percent mortality had occurred by the end of

1958 due mainly to drills and whelks. Many
growers tliroughout the State report similar ex-

periences in attempting to raise oysters from spat.
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Oystermen, who are williiifj to utilize tiie State

seed resources, experienoe difiiciilty in oljtainin^

new grants. At i)i-esent, eacii coastal coninumity
has jurisdiction over the shellfisheries of its tidal

water and restricts the issuing of grants to the

residents. Furthermore, tlie officers of coastal

nuuiicipalities are reluctant to make available any
new grounds to private individuals for oyster
cultivation. Finally, an oysterman has no as-

surance that his grant will l>e renewed at the

expiration of the lease. Slow gi-owth of oysters,

high mortality, and the difficulty of obtaining per-

manent grants discourage him from investing his

time and money in growing oyst-ers by the present

slow methods.

GROWING OYSTERS OFF BOTTOM

Experiments successfully tried in the United

States, Canada, Australia, and Japan have shown
that oysters grow faster when lifted off the bot-

tom. In Elkhorn Slough, Monterey Co., (\xlif..

Bonnot (1935) obtained remarkably rapid growth
of Japanese seed oysters, frtis.tosfrfd- gigaa. which

reached market-size in only 8 months. Some
Eastern (U.S.) oysters in this experiment grew
well but at a slower rate than the Japanese species.

Similar studies were conducted at I^adysmith,
British Columbia, Canada. One-year-old Japa-
nese oysters were hung from rafts in March and

by November were large enough to harvest.

Quayle (1!)5()) reports that by this nu'thod oysters

can be harvested in two years instead of thi-ee.

In Jajjan and .Vustralia, oysters are cultured oft"

bottom on a commercial scale. In the lidaiul Sea

of Japan, 20 million poimds of oyster meats are

harve.sted annually using bamboo rafts (Wallace,

1959). Australian oystermen grow many of their

oysters in wooden trays kejit al)ove the bottom

(Kesteven, 1947). Despite the success of off-bot-

toni cultui-e in Ja))an and .Australia, this method

had not l>een adopted to any extent by commei'cial

growers in the T'nited States.

PURPOSE OF THE STUDY

To develop a method of oyster culture which

might be useful in revi\ing the Massachusetts

oyster industry, and at the same time utilize the

State seed resources, the U.S. Bureau of Com-
mercial Fisheries at Woods Hole began studies on

the growth and survival of oysters kept on rafts

in Oyster Pond and Oyster Pond River, at Chat-

ham (Mass.). The present paper summarizes the

observations made between 1956 and 1959. Par-

ticular attention was given to whether the benefits

obtained from the cultivation of raft-grown oys-

ters would justify the possible additional cost of

production.

LOCALITY AND DESCRIPTION OF THE AREA

Oyster P(md (fig. 3) is ai)proximately three-

fourths of a mile long and one-quarter of a mile

wide. Its bottom along the shore is hard sand

which changes to soft mud in deeper water. Rec-

ords show that natural oyster beds once existed in

the pond, but by 1877, all had disappeared (Beld-

ing, 1909).

Oyster Pond River (fig. 3) begins at the outlet

of the pond where it runs SAV. for seven-eighths
of a mile and then l)ends to a SE. direction for an-

other three-quarters of a mile before emptying
into Stage Harbor. The width of the river is

fairly constant throughout its entire length,

avei-aging about l(i5 yards. The depth varies

from 1 to 9 feet at mean low water except for a

10-foot channel. Tidal currents re^-orded with a

(iurley current meter are about '2 feet per second

during fiood tide. The bottom is generally hard-

packed sand, l)ut in deeper water away from the

shore and in areas where tidal creeks flow into the

rivei-, the bottom is soft with a high percentage
of silt and clay. High cliff's are found along the

entire length of the north side of the river, and

for the first seven-eighths of a mile on the south

side, but for the remaining three-quarters of a

mile only tidal flats appear.

TEMPERATURE, SALINITY, OXYGEN CONTENT,
AND pH OF WATER

S\irface water temperature in Oyster Pond
River was recorded during each visit to the site.

In addition, a thermograph was installed from

A])ril 1 to November 20, 195S. During I95S the

average monthly temperature fluctuated fi-om 1.2°

C. in February to a higli of 22.1)° C. in July, and

then to a low of 0.8° C. in December (fig. 4). The

water tempeiature was also fomul to vary during
the day. For exam))le, on April 24, 1958, a low of

11.8° C. was recorded at (i:00 a.m. By 12:00 noon

the temperature had climbed to 1(5.2° C. In the
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Tlie most oominon alfjae iind invertebnites col-

lected or recorded from Oyster Pond Kiver

(Mass.) are:

Figure 3.—Locations of mooring sites, oyster leased

grounds, and siiat collecting area near Chatham, Mass.

afternoon the temperature dropped slowly and by
6 :00 p.m. it was down to 18.4° C.

Durino- the '.I years of observations the salinity

of tlie water in Oyster Pond River varied from

29.23%o to .32.68%o- Since there is no major
fresh-water drainage entering tlie river, a Jiori-

zontal salinity gradient is absent. The salinity

(fig. 4) was higher (;U.00-.S2.(i8) from June 195fi-

October 1957 than for the period November 1957-

December 1958 (29.28-31.00).

Dissolved oxygen (fig. 4) was highest during the

winter and lowest in tlie smnmer. Most of the

readings were at or near 100 percent saturation.

The pH varied from 7.(1 to 8.0.
'

AQUATIC LIFE IN THE RIVER
The most conspicuous or most abundant animals

and plants found on or near the oyster bottoms are

various species of algae, Rryozoa, Arthropoda,
and Mollusca. All the aninntls species listed in

the table are permanent residents of Oyster Pond
River with tlie exception of tlie horseshoe crab,
L/muIvs poIi/p/iemuK, which enters the ri\er in

early spring. After it spawns, polyphennis leaves

the river for deeper water.

^ Ciirrectt'd for salt orror.

Algae :

Bnteroniori>ha sp.

Gracilaria confervoides

Grlffithsia sp.

Ceramiiim rubrum
Chondria sp.

Champia parvula

Scythosiphon lomen-

taria

I'ORIFERA :

Microciona prolifera

Rryozoa :

-

Memliranipora tenuis

Electra liastingsae

Callopora aurita

Schizoporella unicorn-

is

Schizoporella biaperta

Cryptosula pallasiana

Hippodiiilosia ijertusa

Microporella ciliata

Parasmittina trispino-

sa

Arthropoda :

I>il)inia emarglnata
Carcinides maenas

Arthropoda— (Continued)

Cancer irroratus

Neopanopeus texana

Panoi)eus herbstii

Limulus polypheiuus

Mollusca :

Littorina litorea

Nassarius obsoletus

Urosalpinx cinerea

Eupleura candata

Bu.sycon canaliculatum

Busycon cariea

Polinices duplicatus

Crepidula fornicata

Aequipecten irradians

Mercenaria (Venus)
niercenaria

Anomia simplex
Crassostrea virginica

Mytilus edulis

Modiolus demissus

Mya arenaria

Gennna gemma
TUNICATA :

Hotryllus sclilosseri

Molgula mauliattensis

I

Alj.'iii' kleiitifiiMl by Pr. Paul S, Galtsoft from material C(il-

lectHd cm AiiKUst 7. l!>ril.

- Br.vozoa identified by Mrs. M. B. Lambert from a sample
talien after dredKinR in 5 to S feet of water on July 14, 1953.

 

Several species of oyster predators are i»l)un-

dant. Tliese include tlie oyster drills, l' ivs(ili>'ni.r

riiteroi and E\ipleura ((ntdittit. and two species

32

3 I %.

A S I

1956

FiGUliK 4.—Tile average monthly water temi^erature.

salinty, and content of dissolved oxygen for Oyster Pond

Hivcr.
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of wlielks, Iluxt/ron cdricd and H. r/i»tib'ri/ftifii)ti.

All four occur on the oy.ster fjrounds throiifihouf

the year and inflict a considerable amount of

daniape. Xoficeahly absent in the river is the

starfish, Ax/crlas forhesi. Only a few si)eciniens

were found in the lower stretches of the rivei-

dui-iufr the three years of invest ijrat ion.

It is of interest to mention the fluctuation in

the abundance of the preen crab, Carcinides

tniiciiiis. In the spring of 11)57, the ci-abs were
found in such great inimbers that they were

caught by commei'cial fishermen for bait. By
1!).">8 the population of crabs had so declined that

commercial fisiiing became unprofitable and was
terminated after the fii-st day. In l!);")!), oidy an

occasional green crab was observed in the river.

Two species of algae were conspicuous. Gra-

eihtna confervoidex was found on the oyster shells

on the bottom, and Kntcromorphd sp. was the

principal fouling plant on the oy.sters attached

to the I'aft. Other major fouling oi-ganisms in-

cluded the compound ascidian, liotn/lhis xrlilos-

scri, the simple ascidian, Molgulu mnnhatteiv<lii,

and the barnacle, Bahnius hdhinoidcx. The most

abundant br\-ozoan was Schizoporella unicorniH.

Second in abundance were the peculiar nodular

colonies of Pdnismift'nui frispitiosd found in soft

mud in tiie channel and oyster bottom.

Throughout the tidal flats wild oystei*s grow
attached to the stems of marsh grass, and often

are found on exposed rocks; some set on ribbed

mussels, Modiohix d(^?)ii.s.sa.<<; also many oysters are

fountl on muddy bottom.

Figure 5.

MATERIALS AND METHODS
CONSTRUCTION OF RAFT

The raft (fig. 5) used in the work was con-

structed of "io-foot cedar logs joined together by
wooden crossbai-s wiiich held it together and kept

6193600—62 2

Raft used in tlie study.

the logs sufficient ly apart to ])ermit free circula-

tion of water. Logs were selected as floats be-

cause they were readily available and inexpensive.

Each log was floated in the water and notched

on the top with an axe. A row of 4() staples (3
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inches apart) was placed alonji; tlie side of eacli

log at vi<rht anj^les to the notches. The lojj was

copper-painted for protection ajjainst various

foiilinff and wood-boring organisms. In 1956 the

raft consisted of two logs; two more were added

in 1957. After storm-damage on January 7, 1958,

the raft was reduced to the original two logs.

The raft was moored in Oyster Pond River

from September through November 195(i, and

from April through November 1957 and 1958.

During tlie winters of 1956 and 1957, it was moved
and anchored in Oyster Pond to protect it from

being damaged and carried away by floating ice

whicli occurs in the river during this period. In

November 1958 tiie raft was dismantled.'

ORIGIN OF OYSTERS USED IN THE
EXPERIMENT

Oysters used in tiie 1956 experiment were ob-

tained from a setting that took place during the

last week of August between the outlet of Crooked

River and Long Beach Point, AVareham River,

Mass. Several bushels of cultcli were transferred

to Oyster Pond River, strung on galvanized wire,

and placed on the raft by October 5. All but

two strings of Wareham River oystere were

destroyed in the storm of January 1958. The
two remaining strings were kept attached to the

raft until November 1958, wiien tliey were re-

moved and taken to tlie laboratory for measure-

ment.

The oysters used in the 1957 experiments came

from Mill Creek, a tidal outlet of Taylors Pond in

West Chatham, Mass., which runs for about one-

half mile before emptying into Nantucket Sound.

The creek bottom is hard sand changing to soft

mud near the banks. Along the length of the

creek are several sand bars exposed at low tide.

Since 1955 a local oyster grower has been catching

oyster spat by placing chicken-wire bags each con-

taining one-half bushel of shells on these bars

(tig. 6)''. In 1957 setting occurred around July
15. On August 12, samples of these oysters were

transferred to Oyster Pond River, and l)y A\igust
30 all were placed on the raft. Fortunately, only
a few strings of oysters were lost in the 1958

- Shortly after the enmiilethm o£ this study a Flberglas raft

was designed, built, and successfully tested for growing oysters
off the bottom. See : Shaw (lyCO).

" Kecent studies at Mill Creek indicate that more spat are

caught on shells strung on wires and hung horizontally from
racks than on shells placed in chicken wire bags.

Figure 6.—Spat eoUectois in Mill Creek.
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storm. In November 1958, tlie Mill Creek oysters

were removed from the raft and planted on the

bottom. Here they remained until November 1959,

when most of them were sold.

ASSEMBLING THE STRINGS OF OYSTERS
To each stai)le on the log was attaclied a 5-foot,

#14 galvanized wire that had been previouslj'

strung with scallop and oyster shells'with 5 or

more young oysters attaclied to each. Before

stringing the shells, a hole was punched through
each one using a tack hannner with a punch bi'azed

to one end (tig. 7). P'acli string contained ap-

fi-om both the Wareham River and Mill Creek

strings (tig. 8). Tlie oystei-s were cleaned, taking
care not to damage the new shell. They were then

Figure 7.—Hammer used to punch holes in shells.

proximately 20 pairs of shells, the pairs being

separated l)y a 3-inch piece of plastic tubing. A
total of 191 strings were suspended in 1956 and an

additional 19'2 were hung in 1957. After the 1958

storm the total number of strings was reduced to

182.

DETERMINING SHELL GROWTH AND OYSTER
MORTALITY

Increments of shell growth were noted at

monthly intervals. The shell dimensions selected

were the height (greatest dorsoventral distance)
and length (greatest anteroposterior distance) ;

other measurements such as total volume, total

weight, and weight of meat were not taken be-

cause the oysters could not be killed during this

study without destroying tlie commercial aspects
of the ex])erimeiit, e.g., the determination of the

total number of l)usliels tliat can be harvested from
a log raft.

The ])roceduie of measuring oysters was as

follows: Approximately 100 oysters were taken

Figure 8.—Left, 19.">T Mill Creek set Krown on log raft

for one year. Right, 19.">0 Wiireham Kiver set grown on

log raft for two years.

measured to the nearest 1.0 mm. with vernier

calipers. The same oysters were selected each

month in order to keep the cleaning process at

a mininuim. Immediately after the measurements

were completed, tlie two experimental groups wei-e
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restrung on wires and suspended side by side at

a designated spot on the raft.

Just prior to planting the Mill Creek oysters on

the bottom, a sample of undisturbed oysters was

measured. Their mean height and length were

compared with the mean height and length of oys-

tei-s that had been disturbed and cleaned each

month. Little difference between the two groups

was found.

In our experiments the shell growtli of oysters

from Wareham Eiver was obser\ed from the time

they were first attached to the raft in the fall of

1956 imtil the raft was dismantled in 1958. Simi-

lar observations of growth were made on oysters

from Mill Creek which were attached to the raft

in the fall of 1957, then planted on the bottom in

the winter of 1958, and finally sold in the winter

of 1959. No measurements were taken from mid-

November to April because no appreciable shell

growth occurred during this period. Oysters on

the bottom of the same age and origin as those at-

tached to the raft were measured once each fall.

Since these oysters were on private grounds, their

disturbance was kept at a minimum.

Monthly survival among the raft oysters was

recorded by counting the total number of live oys-

ters on one string. By selecting the same string

each month, any decrease in the total number of

live oysters from that counted the previous month

could be considered natural mortality. A year
after the raft oystere were planted on the bottom

a random sample was collected and the number of

live and dead (left valves only) oysters were

counted. The ratio of dead to the total number in

the sample was considered natural mortality.

ANALYSIS OF RESULTS
GROWTH

The shell growth i-ate of the eastern oyster of

the Atlantic Coast increases soutjiward and in the

Gulf of Mexico. The average lieight of oysters

Table 1

at the end of the setting year in Connecticut is

19 mm. (Loosanoff, 1946). Moore (1897) found

that by the end of the first season of growth oysters

of Chesapeake Bay measured 38 mm. in height,

whereas in North Carolina this size was reached in

3 months. Moore also observed that 7-month-old

South Carolina oysters measured 63 nnn. in height.

Galtsoti' and Luce (1930) working in Cieorgia,

observed 1 -year-old oysters ranging from 2-t nnn.

to 69 mm. Ingle (1950) reported that Florida

oysters reached 25.4 mm. in 5 weeks, wliile Butler

(1954) found oyster set that grew to 51 nun. in

height by the end of the year. Tlie fastest growth
was observed in Louisiana where 1'2-month-old

oysters reached 71 mm. in height (Moore and

Pope, 1910), although Butler (1954) observed

under special conditions at Pensacola (Fla.), a

growth of 76 to 101 mm. in 12 months.

Our study shows that the growth of raft oysters

from Wareham River was fairly similar to that

observed by Loosanoff (1946) for tlie oy.sters

grown off the bottom at Milford Harbor (Conn.) ;

the mean height in successive years of 11, 49, and

72 mm. for tlie former compared to 19, 59, and

78 nnn. for the latter (table 1). In contrast, the

raft oysters from Mill Creek grew faster ;
the mean

height was 28, 67, and 88 mm.

The difference in growth of our Wareham River

and Mill Creek oysters was caused by the time of

setting of the oysters. Setting m Mill Creek oc-

curred in the middle of July 1957, and by Novem-

ber, wlien growth stopped, the mean height of

these oysters was 28 mm. (table 1, fig. 9). Setting

in Wareham River did not take place until late

August 1956, and the oysters averaged only 11

mm. in height when growth stopped in Novenil)er.

After the settingyear
*
shell growtli of botli groups

was about the same. The total annual increment

I From time of settinp; to January 1 Is the setting year

January 1 to January 1 is tlie first year, etc.

from

Measured mean height and length {mm.), and number of oysters from Wareham Eiver, Long Island Sound, and
Mill Creek at the end of growing periods
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ill mean heiglit for the ruft-<ri-owii Wiirehain

Kiver oysters at tlie end of tlie first and second

year was 38 nun., and 2:5 mm., respectively, com-

pared to 39 nnii.. and 21 mm. for the raft-grown

Mill Creek oysters (fi<r. '.)). From tiiese oh.serva-
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FniUKE !).
—Growth curve.sof raft-Krowu Wareliiiiu River

and Mill Creelv oysters.

tions it appears that the Mill Creek oysters do not

grow faster, hut had an earlier start.

Because of rapid growl li of the oysters attached

to the raft, tiieir siiells were thin and fragile; tiie

average thickness along the principal axis of the

right valve was only 1.4 nnn. On Xovemher 13.

1958, the raft oysters were planted on tlie bottom

in order to let their shells thicken. After a year
on the hottoni. tlie shells of these oysters thickened

more than thieefold, and averaged 4.() mm., along
the principal axis. The thickening of shell on the

bottom is apparently tlie result of a slower rate

of growth in height and length, consi'ciueiitly,

largei- amounts of calcium carbonate are dei)osited
on the existing shell.

Figure 9 shows tlie growth curve of Mill Creek

oysters from 19r)7 through 19r)9. By the end of

19o9, following 14 months of attachment to the

raft and 1 year on the bottom, the oysters averaged
88 mm., or ^y, inches in height. Market-size for

oysters in Massachusetts is :'. inches or greater;

therefore, the Mill Creek oystei-s had attained

market-size in 21/2 years instead of 4 to 5 years,
which elapse when oysters are grown on the bottom
in Cape Cod waters.

An actual comparison of raft-grown and bottom-

grown Wareiiani" Ki\er oysters was made from

September 1956 to November 1958. As shown in

figure 10 no difference in growth was obser\ed at

the end of 1956. By the end of 1957 the raft.

oysters measured 49 mm. in mean height, whereas
those on the bottom were only 36 mm., a difference

of 13 mm. The difference increased to 20 mm. by
the end of 1958, the raft oysters measuring 72 mm.
ill height, and the bottom oysters 52 mm. It is of

interest to note (fig. 10) that the bottom-grown

oysters at the end of ^i^ years averaged only 3

mm. larger than the size obtained by the raft

oysters in li/^ yeare.
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In 1957, 76.7, and 82.7 percent of the annual

increment in height and length of raft -grown
Wareham River oysters occurred during the

months of July, August, and Septeml)er; whereas

in 1958, 77.7 and 84.3 percent of tlie annual growtli
in heigiit and length occurred during the months
of June, July, and August (figs. 11 and 12). For
the raft-grown oysters from Mill Creek, S3.7 and
90.4 percentage of the annual increment in height
and length occurred duiing the months of June,

July, and August, 1958 (fig. 12).

WAREHAM SET "56"

WAREHAM SET 56 TAYLORS POND SET "57"

FiGUitE 11.—Monthly increase in lieislit and Ien«tli "f

o.vsters as percentage of total growth durins l!);")?.

Temperature curve based on records taken at time of

measurement.

MAM JJASON MAMJJASO

T'iGURE 12.—Jlonthly increase in height and length of

oysters as percentage of total growth during 19.jS.

Temperature curve based on records taken at time of

measurement.

EFFECTS OF TEMPERATURE, FOULING, AND
SPAWNING ON GROWTH

Temperature

Shell growth did not occur when the water tem-

perature was below 10° C. Tliis observation is

in agreement with the findings of Loosanofi' and

Nomejko (1949) and Walne (1958). In general

the oysters in Oyster Pond River grew from April

to October inclusive (figs. 11 and 12) . During the

years 1957 and 1958, approximately 20 percent of

the total annual growth occurred when the water

temperature was between 10° C. and 15° C, but

more tlian 75 percent of the year's growth took

place when tiie water temperature was al)ove

15° C.

Fouling

Tlie question arose whether the monthly re-

moval of fouling organisms has any etl'ect on the

shell growth. On November 17, 1958, the heights

and lengths of oysters from two strings were com-

jjared; one sample was selected from a string that

had remained undisturbed, while the other sample
was selected from the string tluit had been cleaned

of fouling animals and plants each month. The

results of this comparison are as follows : the aver-

age height and length of oysters on the undis-

turbed string were 65.9 mm. and 48.9 mm., respec-
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tivcly: whereas the clean oystei-s were 68.6 mm.
ill lu'ijrht and 47.5 mm. in leii<rtli. Since little

(litl'erence was found between the two groups it

appears that periodic removal of fouling material

had no apparent effect on shell growtli.

A year after the oysters were planted on the

bottom a sample was collected to determine the

extent of fouling. The oyster shells were almost

barren of fouling organisms except for some
colonies of Microriorui fttollfeni and Didemniim

sp., some Bryozoans, and algae. Most of the

original fouling plants and animals had either

died or been slouglied off. Noticeably absent was
the algae Gracilarui confervoidefi which in other

yeai-s was one of the principal fouling organisms
on tiie iiottom grown oysters.

Spawning

Observations by Loosanoff and Xomejko ( 1949)

and Walne (1958) have shown that the growth
of the Eastern oyster in Long Island Sound and
the European oyster, Ontrea edidh, is not inter-

rvipted during the spawning season. In the years
1957 and 1958 the raft oysters were ripe during
July. ^Examination made by the end of August
showed that the majority of them had spawned
although the actual act of spawning was not ob-

served. Since nearly 60 percent of the total an-

nual sliell increment occurred during July and

August (see: figs. 11 and 12), it is apparent that

shell growth was not inhibited during this period.

MORTALITY OF RAFT OYSTERS

The greatest losses among the suspended oysters

occurred when the raft was blown ashore during
a winter storm in the early part of 1958. As

mentioned, all i)ut two strings of the Wareham
River oysters were destroyed, although we were

able to save almost all of the strings that con-

tained Mill Creek oystei-s. In 1958. the mortality

among the remaining Mill ("reek oysters was
determined. By the eiul of the year 17.7 percent
were dead. The mnnber of monthly deaths on

one string was recorded from April to December
1958. The deaths per month ranged from to 4

oysters, a total of 14 of the original 79 oystei-s

(table 2). Since there is no known disease in

these waters, it is unlikely th;it the deaths were
the result of an ejiizootic.

T.vBi.E 2.—Ciiitiulative ilcatlm on one Hiring of raft onxtern
from April to December, i.9.58

Date

April 17

M;iy2
June 2-

July 3
Augusts
September 5
October 3...
November 5

December 2.

.Number on
one string

Monthly
deaths

Sum of
dead

Percentage
dead

1.3
5.1
6.3
11.4
11.4
16.5
17.7

In the winter of 1958 the raft-grown oystei's

were transplanted on the bottom. A sample was

collected a year later to determine the mortality
that had occurred since planting. Of 87 oystere

examined, 64 were alive and 23 were dead, an

annual mortality rate of 26.4 percent. The total

natural mortality rate for the years 1958 and

1959 was 39.4 percent .''

The mortality rate after two years is much

greater when oysters are kept on bottom all the

time. From a planting of 400 bushels of seed

oysters, by a local fisherman in 1956, approxi-

mately 90 pei-cent were dead by the fall of 1958.

The poor survival of bottom grown oysters is

believed to result from losses inflicted b}' preda-

tory whelks and drills, which invade the oyster

beds in large numbei-s. It appears that by sus-

pending oysters from a raft for one year the

number surviving is increased sixfold.

PRACTICAL ASPECTS OF RAFT CULTURE
One of the purposes of this experiment was

to determine the commercial feasibility of raft

culture in Cape Cod waters. The total cost of

materials and labor to construct the 2-log raft,

to prepare and attach the strings, and finally to

market the oysters was estimated at $248 (p. 492).

After one year on the raft and one year on the

I)ottom 25 bushels of raft-grown oysters (averag-

ing 250 to a bushel) were .sold and 7 Ijushels were

replanted. The wholesale value of these ;'.2 bushels

in 19.")9 at tlie Chatham price of $11.50 a bushel

was $368, yielding a gross profit of $120 or $3.75

a l)ushel for this small-scale operation.

•• Based im a progressive death rate ; if there are 1,000 oysters
and 17.7 percent die In the first year. 823 oysters are still alive.

If 26.4 percent of the remaining oysters die during the second

year, there are still 606 of the original 1.000 o.vsters alive, or a

niiirtality rate for the two years of 39,4 percent.
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A summary of the total cost of material and labor to

oysters follows :

Materials :

Two 25-foot cedar logs $30. 00

Polyethylene tubing used for spacers ($23.75/

1,000 feet) 16.00

Coiiper paint ( $7.7.5/gallon ) 15.50

Two 50-pound nnid anchors ( $18.50/anchor) — 37. 00

Miscellaneous (rope, peavie, .staples) 10.00

Commercial spat (.$1..50/bushel) 30.00

construct a 2-log raft, to prepare the strings, and to market

Labor : ( Chatham $1..50 hourly wage)
2 hours, cut and straighten wire $3. 00

8 hours, cut polyethylene tubing 12. 00

4 hours, paint and staple logs (5. 00

36 hours, assort, put in holes, and string shells- 54. 00

3 hours to moor raft and secure strings 4. 50

4 hours to disassemble raft and plant oysters— 6. 00

16 hours to tong, cull, and pack oysters 24. 00

Total costs for material $138. 50

111 1959, the oystermeii at Chatham were paying
as miicli as $7 a bushel for Long Island oysters.

These oyster.s were planted in the spring to grow
and fatten during the summer, and were sold in

the fall at $11.50 a bushel, with a gross profit of

$4.50 a bushel. Approximately the same number
of bushels of oysters planted are sold because nat-

ural mortality balances any increase in volume re-

sulting from shell growth. The net profit is less

because the labor costs, to plant, gather, and pack
the oysters for market, are not known "^ and have

not been deducted.

One cannot overlook the fact that the oystermen
at Chatham are earning $4.50 a bushel each year,

whereas the profit of $3.75 a bushel earned fi-om

raft-grown oysters require 2 yeare. Profits from
raft culture could be earned on a yearly basis by

suspending new strings of young oysters at the

time when the 1-year-old raft-grown oysters are

planted on the bottom, tlius developing a contin-

uous operation.

The cost of materials in raft oyster culture may
be considerably reduced and the profit increased

if the operation were conducted on a large and

continuous scale.

DISCUSSION AND RECOMMENDATIONS
Our data show that raft -grown oysters grow

faster and have a higlier survival rate than those

kept all the time on bottom. The question arises

whether this faster growth and higher survival is

enough to warrant the extra cost for materials and
labor necessary for raft culture. From the find-

ings of these preliminary observations it appears
that raft-grown oyster farming may be feasible in

Cape Cod waters. The study should now be re-

peated on a larger semicommercial scale. A pilot

« Oj-stermen working In oyster Pond River rarely employ hired
labor.

Total costs for labor 109.50

Grand total (materials and labor) $248.00

oyster farm should be tried to ascertain the true

commercial practicability of raft-grown oysters in

Massachusetts.

The raft used in our study was primitive and

could only support the weight of 32 bushels of

oysters. By increasing its buoyancy more oysters

could be attached and the yield would, therefore,

be greater.

Oyster Pond River was selected as the site for

this study because the area was easily accessible by
road. Though it proved a satisfactoi-y site for

our experiments, this river is not suitable for raft

oyster culture on a commercial scale. Because

the river is shallow, only 5-foot strings could be

used. In deeper water longer strings could be

attached and the yield would increase considera-

bly. The danger of floating ice in the winter also

makes the river undesirable for raft culture.

There are many salt-water ponds along the shore

of Cape Cod were raft culture could be established.

For example, Taylors Pond, West Chatham

(Mass.) appears suitable for this purpose. Here

the water is more than 9 feet in depth and there

is little danger of floating ice. Additional re-

search is necessary to locate the ponds on the Cape
that are suitable for raft culture, and to determine

their pi'oductive capacity.

The importance of suspending an early set

should not be overlooked, if and when raft oyster

culture is conducted on a commercial scale. Our
observations show that marketable oysters are

obtained in
•2'^/> years when a July set is attached

to the raft. On the other hand, when an August
set is suspended the average oyster after 21/2 years

is less than the 3-inch legal minimum size. It

would be necessary to carry these oysters for an-

other season. Losses inflicted by predators during

this time would reduce profits considerably.
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The development of raft culture in Cape Cod
watei-s would not eliminate the need for suitable

planting grounds. As mentioned earlier the shells

of the raft oysters are thin and fi-agile because their

growth is rapid. It is, therefore, necessary to

plant them on the bottom to thicken their shells.

Since most oysters grown in Massaciiusetts are

purchased to be sen-ed on the lialf-shell, restau-

rants and fish markets require an oyster with a

reasonably thick shell. From our obsevations, it

appeai-s that such an oyster can be obtained by
planting the raft-grown oysters on the bottom for

one year.

It .should not be forgotten tliat the oystermen of

Cape Cod are almost entirely dependent on out-

of-State bedding stock. With the present decline

of oysters more and more Bay State growers are

going out of business. To date the seed resources
of Massachusetts are not being utilized. By de-

veloping the setting areas, the oyster industry of
the State could become self-sustaining and in-

dependent of out-of-State bedding stock. The in-

troduction of raft culture in local waters would
be one way of utilizing the State's seed resources.

In conclusion, it must be realized that the study
was conducted in Cape Cod waters where more
than 75 percent of the annual increment of shell-

growth occui-s during three summer months and
where no growth takes place during the winter.
Other areas might give different results, especially
in the South where shell growth is not interrupted
by hibernation. It would be of interest to repeat
the raft experiments in the more southern waters.

SUMMARY
1. The harvest of oystere in Massachusetts has

dropped 83.3 percent in the last 50 years. In

1958, only 113 thousand pounds of oyster meats
where havested, an all-time low for the State.

•2. The objective of the experiment was to de-
termine whether raft oyster culture is commer-

cially feasible in Cape Cod waters.

3. A log raft was moored in Oyster Pond in

tlie winter and in Oyster Pond River during the
summer. Atttaclied to the logs were wire strings

containing shells with oysters from Wareham
River and Mill Creek. The mean height for raft

oysters in successive years was as follows: Ware-
ham River stock, 11, 49, 72 mm.

; Mill Creek stock,

29, 67, and 88 mm.

4. Oysters attached to the raft had a faster

growth rate than those on the bottom; by the end

of the first year the raft-grown oysters from

A\'areham River were 13 nun. greater in mean

height than those growing on the bottom. The
difference increased to 20 mm. by the end of the

second j'ear.

5. No measurable shell growth was observed

when the water temperature was below 10° C.

Seventy-five percent of the year's growth took

place when the water temperature was above

15° C.

6. Greatest shell growth occurred when the

oysters were in spawning condition.

7. Both fouled and cleaned oysters had the

same growth rates.

8. Survival of raft oysters was about fi times

greater than for oystei-s growing on the bottom.

The high losses of bottom oysters is believed to

be due to predation by whelks and drills.

9. The experiment demonstrated that oysters
can be grown from seed to market-size in 2Vo

years. Wild oysters take from 4 to 5 years to reach

market-size in Cape Cod watei'S.

10. Thirty-two bushels of raft-grown oysters
were harvested. Of these, 25 bushels Avere sold and
7 bushels were replanted. A gross profit of $120
or $3.75 a bushel was earned from the two-log
raft. It is likely that costs for materials and labor

would be reduced and profits correspondingly in-

creased if raft culture were conducted on a larger
scale.

11. The development of raft oyster culture in

Cape Cod waters appeai-s to be commercially
feasible. It is recommended tliat raft culture on
a larger scale be conducted for the purpose of

ascertaining the true commercial value of this

method.
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APPENDIX A

Mean height and length, standard deviation, and

standard error of the mean for raft-grown oysters

Table A-1
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APPENDIX B

Total monthly growth and percentage of growth,
1957-58

Table B-1.—Wareham River oysters

Table B-2.—Atill Creek oysters
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